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ULTRAVIOLET 


AND VISIBLE 
ABSORPTION MEASUREMENTS 


Advantages which may be claimed for spectrochemical methods of analysis 
include accuracy, simplicity and greater economy of time, labour and materials. 
The more general application of these methods to research problems in both 
academic and industrial laboratories calls for instruments of high precision 
and robust construction. 

The Unicam SP.500 Quartz Spectrophotometer makes possible the analysis 
of chemicals in solution by absorption measurement at wavelengths from 
2,000 to 10,0008. Typical of the performance of the instrument is the 
transmission curve of benzene in alcohol shown above. 


An illustrated leaflet describing the instrument and accessories in detail will 
gladly be sent on request. 


UNICAM 


UNICAM INSTRUMENTS (CAMBRIDGE) LTD. ARBURY WORKS, CAMBRIDGE, ENGLAND 
U 116J NPR 
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Activated Alumina and mixed 
catalysts, manufactured to cus- 
tomers’ individual research and 
production requirements, form 
a regular part of the Spence 
catalyst service. 

Further details may be 


obtained on request. 
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A solvent useful in the 
manufacture of celluloid articles, 
explosives and pharmaceuticals. 
An excellent extraction solvent 
for animal, vegetable and mineral 
oils, and various resins and 
waxes. You should have a copy 
of Shell Information Sheet No. 218 


ISOPROPYL ETHER SPECIFICATION ALSO 


SPECIFIC GRAVITY at 20/20°C : 0.725-0.727. Methyl ethyl ketone, 
COLOUR (platinum-cobalt standard, Hazen) Maximum 25. Methyl isobutyl ketone, 
ACIDITY (other than carbon dioxide): Maximum 0.005% Mesityl oxide, 

weight (as acetic acid). Diacetone alcohol, 
DISTILLATION RANGE (A.S.T.M. D268): Below 65°C: Isopropyl alcohol, 

none. Above 70°C: none. Secondary butyl alcohol, 


WATER: No turbidity when 1 volume is mixed with 19 Methyl isobutyl carbinol, 
volumes of I.P. Petroleum Spirit at 20°C. Acetone. 








Shell Chemicals Limited, 105-109 Strand, London, W.C.2. Tel: Temple Bar 4455 


(DISTRIBUTORS) 


Divisional Offices: Walter House, Bedford Street, London, W.C.2. Tel: Temple Bar 4455, 42 Deansgate, Manchester, 3 
Tel: Deansgate 6451. Clarence Chambers, 39 Corporation Street, Birmingham 2. Tel: Midland 6954. 28 St, Enoch 
Square, Glasgow, C.1. Tel: Glasgow Central 9561. 53 Middle Abbey Street, Dublin. Tel: Dublin 45775. A2 
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items from our 1953 catalogue 


N-Acetyl-4-amino antipyrine . 

asym-Acetyl phenyl urea 
Adenosine Phosphate, Ba salt 
ee ey osphoric acid 
Adenosine-3-phosphoric 
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Adenosine-5-triphosphoric acid, 

Na salt a a oe 


55/- 

pi-Alanyl-p.-alanine 9/- 0 
pL-Alanyl-glycine 14/ 
Al um oxide ‘‘WOELM"' ‘neutral 80). K 
Aluminium oxide ‘‘WOELM’’* acid 80/- 
Aluminium oxide, ‘‘WOELM"'*basic 80/- 
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-Amino-n-butyric acid 

-Amino-heptane . .. 
p-Amphetamine sulphate . 
p.-Amphetamine sulphate 
Anhydro-N ~carboxy-p-s-phenyl- 
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pe ne om 
Glycine anhydride . 
Glycocyamine (guanidoace etic acid) 
Glycyl-p.-alanine : 
Glycyl-glycine 
Glycyl-p._-Leucine 
Glycyl-.-Leucine 
Glycyl-p._-phenyl-alanine 
Glycyl-.-tryptophane 
Glycyl-.-tyrosine 
Glycyrrhizin . 
Glyoxaline (imidazole) 
Guanylic acid, sodium salt 
Hexose-6-phosphate, Calcium salt 
Histamine diphosphate ‘ 
L-Histidine (base) 
Hyaluronidase,t 
(2,000 units/amp.) 
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Inulin (pyrogen free) 
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* Supplied in 500 gram or | kilo sealed glass bottles 
with test capillaries and booklet. 

+t One unit is the quantity of Hyaluronidase required 
to reduce by 50", the viscosity of standard Hyaluronic 
acid in 6% saline solution at pH 45 & 30°C within 10 
minutes. 
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JOHNSONS OF HENDON LTD. 
LONDON, N.W.4 


Established 1743 
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Pressure Proof 


PLUS... 





ERMETO pipe couplings are 

capable of withstanding the high- 

est industrial pressures and are ex- 

tremely simple to use. Unaffected by 

vibration, they can be made, broken and re- 

made indefinitely and are completely pressure tight under all conditions, 


We are always pleased to forward copies of catalogues, price lists, etc., 
covering our standard ranges of pipe fittings and high-pressure valves. 


ERMETO pects 


BRITISH ERMETO CORPORATION LTD., MAIDENHEAD, BERKS. 


Tel; Maidenhead 2271/4 
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Compounds 


for Biological 


Research 


C-14 LABELLED CARBOHYDRATES 


To meet the needs of research workers studying metabolic processes, the 
Radiochemical Centre now supplies several carbohydrates labelled with 
carbon-14. 

These are prepared by photosynthesis under conditions which favour 
uniform labelling. Purity is checked by paper chromatography. The 
specific activity is 20-50 microcuries per milligram. 

The following are usually held in stock but, as the preparations are 
seasonal, orders for substantial quantities should be placed well in advance. 


No. Compound Price per millicurie 
CFB. 1 Starch se. «) =e 
CFB. 2 D-Glucose iit ah ee 
CFB. 3 D-Fructose ‘ ‘ ; {£200 
CFB. 4 Sucrose ar, ae ae? £150 
In standard packages of 1.0, 0.5 and o.1 millicurie. 


Please send your orders and enquiries to — 


RADIOCHEMICAL CENTRE, AMERSHAM, BUCKINGHAMSHIRE 
ENGLAND 
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WHATMAN 


HARDENED FILTER PAPERS 


Where great wet strength is required, ask your laboratory furnisher for details of 
WHATMAN Nos. 50, 52, 54, 530, 531, 540, 541, 542, 544 


Made by: W. & R. BALSTON LTD., MAIDSTONE, KENT 


Sole Representatives: H. REEVE ANGEL & CO.LTD.,9 BRIDEWELL PLACE, LONDON, E.C.4 


























Quarterly Reviews 


This publication of The Chemical Society, first issued in 
1947, is composed of articles by recognised authorities 
on selected topics from general, physical, inorganic, 
and organic chemistry. Each article is intended to be of 
interest to chemists generally and not only to workers in 
one particular field. 

Orders for the current volume (Vol. VI, 1952) can now 
be accepted and back numbers are also available. 
Price to non-Fellows, 30s. per volume or 10s. per 
quarterly number. 


THE CHEMICAL SOCIETY 
BURLINGTON HOUSE, LONDON, W.1 



































H K LEWIS BOOKS ON THE CHEMICAL 
* e 


AND ALLIED SCIENCES 


Scientific and Technical Books. :: Large Stock of Recent Editions. :: Foreign 
Books not in stock obtained under Special Licence. :: Catalogues on request. 


LENDING LIBRARY —Scientific and Technical 


ANNUAL SUBSCRIPTION FROM 25s. PROSPECTUS FREE ON APPLICATION 
THE LIBRARY CATALOGUE ee — BI-MONTHLY LIST OF NEW BOOKS AND 
of Auth d Subjects revised to December 4 
Pp. sll , 1152. To pa oh 17s. 6d. net. To non- NEW EDITIONS ADDED TO THE LIBRARY 


subscribers 35s. net., postage Is. 3d. POST FREE TO SUBSCRIBERS REGULARLY 
H. K. LEWIS & Co. Ltd., 136 Gower Street, London, W.C.! 
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BEATSON CL 
BOTTLES 





Dustproof Stoppered 
reEUgeNntd 


When ordering your Labora- 
tory requirements be sure to 
specify Beatson, Clark Dust- 
Proof Stoppered Reagent 


” Bottles. 


BEATSON, CLARK & CO. LTD. 
GLASS BOTTLE MANUFACTURERS 


ROTHERHAM Established 1751 YORKS 
BO 72 











RESPIRATORS 


for work in Poisonous, 
Noxious and Irritant Fumes 


OXYGEN BREATHING 
APPARATUS 


also compressed air types 


SMOKE HELMETS 


OXYGEN RESUSCITATION APPARATUS 


for asphyxia, electric shock, etc. 


ACID AND WATERPROOF CLOTHING, 
GOGGLES, GLOVES, FUME MASKS, ETC. 


SIEBE.GORMAN & CO.L™ 


EVERYTHING FOR SAFETY EVERYWHERE 


TOLWORTH, SURBITON, SURREY 











MERCURY 
VAPOUR 
BURNERS 


One of the most important sources of 
ultra-violet radiation available, mercury 
vapour burners are used to study the 
effects of such radiafion on chemical 
reactions, foodstuffs, fabrics and dyes, 
analytical testing etc. 


Fused quartz is the most transparent 
manufactured material known, both in 
the range of the spectrum and in efficiency. 
As fused quartz is also extremely heat 
resistant VITREOSIL envelopes are in 
universal use for mercury vapour burners. 


Full details supplied on request. 


The THERMAL SYNDICATE Ltd. 
WALLSEND, NORTHUMBERLAND 
12-14 Old Pye St., WestminsterS.W.1 
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THE WORLD’S GREATEST BOOKSHOP 


a * FOR BOOKS: 


New, secondhand and rare Books on every subject. 
Stock of over three million volumes. Subscriptions 
taken for British and overseas magazines. 


119-125 CHARING CROSS ROAD, LONDON, W.C.2 


GERrard 5660 (16 lines) 


Two minutes from Tottenham Court Rd. Station 


tr 





Specialists in 
Tracing 
Out-of-Print 
Books 











Open 9-6 (inc. Sat.) 
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FOR YOUR 
EVERYDAY LABORATORY REQUIREMENTS 





.... znsist on M&B 


Over 500 different organic and inorganic 


chemicals, all produced to published laboratory 
standards, are available to the user of the 
M&B range. 
in the manufacture and use of fine chemicals, 


Drawing from long experience 


we have made a selection of specifications to 
serve a wide variety of procedures in general 
laboratory practice. These specifications are 
clearly set out on the labels of the containers, 


giving immediate indication of the field of 


usefulness of the contents, and are carefully 
maintained by modern methods of analytical 
control, 

Pre-packed stocks of every item in popular- 
sized containers are held at Dagenham and by 
stockists throughout the country, so that orders 
can be promptly dealt with. Moreover, the 
specially designed bottles are convenient to 
handle, 


adequately protected in storage and transit. 


and ensure that the contents are 


M&B 
LABORATORY CHEMICALS & REAGENTS 


manufactured by 


MAY & BAKER LTD - DAGENHAM - ENGLAND 


*Phone ILFord 3060 





Extension 40 


Associated Houses: BOMBAY -LAGOS- MONTREAL - PORT ELIZABETH -SYDNEY ‘WELLINGTON Branches & Agents throughout the Werkg 
LA 
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AT REIGATE [Eu 
OUR JOB 


AS ESSENCE MANUFACTURERS 


IS TO TAKE NATURAL PRODUCTS WHICH 
HAVE A FLAVOUR OR AROMA OR BOTH; 
EXTRACT FROM THEM THE PRINCIPLES RE- 
SPONSIBLE FOR THAT FLAVOUR AND AROMA, 
AND THEN PREPARE THESE PRINCIPLES IN 
SUCH A FORM AS TO BE EASILY AND CON- 
VENIENTLY AND ECONOMICALLY USED BY 
OUR CUSTOMERS. 





WE ARE SPECIALISTS IN THIS FIELD AND CAN 
OFFER GUARANTEED NATURAL PRODUCTS 
WHICH FOR QUALITY AND TRUE FLAVOUR 
ARE IN A CLASS BY THEMSELVES. 





REIGATE BRAND— 


VANILLA NATURA 
GRAPEFRUIT NATURA ~ 


ORANGE NATURA 
(SWEET OR BITTER) 


ORRIS NATURA 


WHITE, TOMKINS & COURAGE, LTD. 
NORTH ALBERT WORKS, REIGATE 


TELEGRAMS: ESSWHITE, REIGATE TELEPHONE: REIGATE 2242-3 


ESTABLISHED 1841 
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JUDACTAN 


ANALYTICAL REAGENTS WITH ACTUAL BATCH ANALYSIS 








Each batch 


ACTUAL subjected 
JUDACTAN to 


BATCH JUDEX ANALYTICAL ee: INDEPENDENT 
AMMONIUM PHOSPHATE ALR. ANALYSIS 


: (NH,),HPO, Mol. We. 132-07 
ANALYSIS ACTUAL BATCH ANALYSIS 
before 


(Not merely maximum impurity values) 
Batch No, 11360 





7.8 
. 0.00025% : 
myn B label is printed 
seoe 0.00338% 
..- 0,00007% 
. 0.00025% 
0.004% 
0.00002% 


Nitrate (NO) sheavatepinsibes 
Sulphate (S¢ eptemmpncbiiones 
i (Pb) 











You are invited to compare the above actual batch analysis with the purities guaran- 
teed by the specifications of any competing maker in this country or abroad. 
THE GENERAL CHEMICAL & PHARMACEUTICAL CO. LTD. 


Chemical Manufacturers, Judex Works, Sudbury, Middlesex 
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Hodgkin and Sayre. 


887. <A Crystallographic Examination of the Structure of 
Lumisterol. 


By DorotHy CrowFroot HopGKIn and D. SAYRE. 


Most of the stereochemical features of the molecule of lumisterol have 
been elucidated by an X-ray diffraction study of the crystal structure of 
lumisteryl 4-iodo-3-nitrobenzoate. The configuration deduced earlier is 
confirmed for positions 3, 9, 10, 13, 14, and 17, with rings a and c in the chair 
form and rings c and p trans-fused. As proposed on chemical evidence, the 
change from the ergosterol structure that has occurred is inversion at C, 1»). 
But the retention of the chair form of ring A requires also a change of orient- 
ation of the C,,—OH bond from a direction nearly parallel with the nucleus 
to one approximately at right angles to it (k—e in Hassel’s notation). 


THE present study is the third in a series of sterol crystal structure determinations carried 
out in this laboratory, the previous two compounds examined having been cholesteryl 
iodide (Carlisle and Crowfoot, Proc. Roy. Soc., 1945, A, 184, 64) and calciferyl 4-iodo-3- 
nitrobenzoate (Crowfoot and Dunitz, Nature, 1948, 162, 608). Lumisterol (II) was selected 
for study as one of the group of compounds found during the photochemical transformation 
of ergosterol (I) into calciferol (III). Chemical evidence (Dimroth, Ber., 1936, 69, 1123; 
Kennedy and Spring, J., 1939, 250) had indicated that, in the case of lumisterol, the trans- 
formation involved inversion at Cy, and this has been confirmed by the present 
investigation. 
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The compound chosen for X-ray analysis, lumisteryl 4-iodo-3-nitrobenzoate, was very 
kindly prepared for us by Dr. J. W. Cornforth. It crystallised in three different forms, of 
which two appeared to be solvated. The third, which was the one studied in detail, occurs 
in pale yellow, solvent-free prisms. Preliminary crystallographic data on these crystals 
may be summarised as follows : 

Crystal Data.—C,3;H,ygQ,NI; M = 671. Found: d, 1-34. Calc.: d, 1-35. Pale 
vellow, monoclinic prisms, {001}, {101} slightly elongated along the 6 axis. Optically 
biaxial, birefringence probably negative, 2V large, with «|| b and y 48° to (O01) in the 
acute angle. Unit-cell dimensions: a = 10-55, b = 7-63, c = 20-57 A, 8 = 93-5°. Space 
group, P2,. Two molecules per unit cell. Absorption coefficient for Cu-Ka X-rays, 
u = 86cm.7%. Total number of electrons per unit cell = F(000) = 696. 

Structure Analysis—The X-ray analysis was a straightforward application of the heavy- 
atom technique. From the d axis projection of the Patterson function (Fig. 1) the x and z 
co-ordinates of the iodine atoms were found directly. On account of the crystal symmetry, 
the y co-ordinates of one atom can be arbitrarily chosen and the co-ordinates of the iodine 
atoms in the crystal could be given as: x = + 0-267, y = + 0-25,2 = +. 0-0354. 

By using signs based on the contributions of the iodine atoms alone and the observed 
structure factors, a first electron-density projection was calculated along the } axis. This 
projection is centrosymmetric, the structure factors are real, and the signs appropriate to 
the structure factors are very largely those based on the contributions of the iodine atom 
alone. The first b-axis projection accordingly approximates closely to a correct represent- 
ation of the electron density (Fig. 2). 
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Although most of the individual atomic positions are unresolved, it proved possible to 
recognise the molecule in this first projection and to correlate the several concentraticns of 
electron density with definite portions of the lumisterol structure. Study of models showed 
that of the different possible stereochemical forms of the sterol skeleton only one possessed 
the general features demanded by this projection. Thus the main line of peaks across the 
centre of the cell must correspond with the sterol nucleus, viewed edge on, while the nitro- 
benzoate group projects nearly at right angles to this line with the plane of the benzene ring 





Fic. 1. Projection of Patterson function, Pxz, calculated for lumisteryl 4-iodo-3-nitrobenzoate. 





Projection of electron density along the b axis calculated for lumisteryl 4-todo-3-nitrobenzoate, 
based on signs calculated on iodine positions only. 
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close to the plane of the Bae, This generally L-shaped form of the molecule as a 
whole, and the presence on opposite sides of the nucleus of two peaks which can hardly be 
other than the 18- and 19-methyl groups, establish the configurations at the asymmetric 
centres Cy), Cag), and Cyy3), and also the chair form of ring A. The straight-line appearance 
of the nucleus establishes the configuration at Cy), the chair form of ring c, and the con- 
figuration at Cy, t.e., the trans-fusion of rings c and p. Finally the general location of the 
side chain establishes the configuration C;,,). 
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The remaining calculations were carried out mainly as a further check on the atomic 
arrangement deduced at this stage. The b-axis projection was refined once, but little 
change occurred. The non-centrosymmetrical a-axis projection was then calculated with 
signs based, in the first instance, on the iodine positions only. Since the distribution of the 
iodine atoms is, by itself, centrosymmetrical, these signs correspond to a centrosymmetrical 
electron-density distribution. The a projection, as first calculated, accordingly possesses a 
spurious centre of symmetry and corresponds approximately to the correct projection of the 
two molecules in the unit cell, superimposed on those of two mirror-image molecules (Fig. 3a). 
Examination showed that it had the appearance expected of overlapping sterol molecules 
viewed along a line roughly at right angles to the plane of the ring systems. The model 


Fic. 3. Projection of electron density along the a axis, calculated for lumisteryl 4-iodo-3-nitrobenzoate, 
(a) based on signs calculated on iodine positions only, (b) once refined. 
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of the molecule which had been obtained from the b-axis projection was therefore placed 
over this second projection in the manner which seemed best to account for the observed 
electron-density maxima. From the tentative atomic positions thus obtained, phases 
were calculated and the non-centrosymmetrical distribution, Fig. 3b, was derived. This 
distribution confirms very satisfactorily the proposed structure on which it was based. 

By the further use of models projected over the latest a and b electron-density projections 
together, the set of atomic co-ordinates listed in the Table was derived. We lay no claim 
to accuracy of these co-ordinates in detail. The validity of the molecular structure they 
define rests principally on its agreement with the general character of the projections 
observed, particularly the b-axis projection, but it is supported also by structure-factor 
calculations based on these co-ordinates. The reliability indices found were R = 26% for 
(hOl) structure factors and R = 21% for (O&/) structure factors. 

The chemical form of the molecule deduced is illustrated by (II) and Fig. 4, which refer 
to the sterol portion of the structure only. The relations between the different asymmetric 
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centres in the nucleus are those derived from chemical arguments as illustrated in (II). 
In addition rings A and Cc are in the chair form. The evidence obtained for the arrangement 
of atoms in the side chain is less strong than that for the nucleus. It confirms the con- 
figuration at Ci») found for cholesterol and calciferol but appears to contradict the con- 
figuration for Ci,,, tentatively proposed for calciferol (Crowfoot and Dunitz, loc. cit.). 
However, the evidence obtained for this configuration, both here and with calciferol, is not 
conclusive and this detail remains in doubt. 

There are a number of interesting points about the crystal and molecular structure. 
As expected, the stereochemical difference between lumisterol and ergosterol is in the 
change of the 19-methyl group from the 8- to the «-position. This change is associated 
with a rearrangement in the packing of the neighbouring atoms in ring A. The chair form 
is retained in ring A, through alternate puckering of the carbon atoms of the ring system 
from that likely in ergosterol. As a result the C,)-~OH bond, which in ergosterol presum- 
ably lies near the general plane of the molecule («-bond in the notation of Hassel, Tidsskr. 
Kjemi, 1943, 3, 32) is rotated to a position approximately normal to the molecular plane 


Q 


. , Fic. 4. Perspective drawing of lumisterol in the 
|] stereochemical configuration found. Only 


carbon and oxygen atoms are shown. 


e) 


(e-bond). In this position the arrangement of the hydroxyl group simulates that of the 
ept-configuration first proposed for lumisterol to account for its similarity to epicholesterol 
in the digitonin precipitation reaction. 


Final co-ordinates. 


C at Cat 
position v position x 4 2 
l j 0-120 296 os 0-059 “4! 0-654 
0-090 56 2 0-037 5 0-727 
0-263 j 25 0-048 “25 0-755 
0-409 55 26 0-128 . 0-711 
0-448 225 : —0-100 . 0-760 
0-603 242 4 ~0-079 “Bl 0-742 
0-625 2s 0-331 “2% 0-038 
0-487 : ; 0-188 —Q-2 0-019 
0-298 3: : 0-103 -2 0-068 
0-269 26 4 0-027 2 0-052 
0-187 36 : — 0-069 “252 —0-011 
0-202 437 : 0-017 2 — 0-062 
0-389 “45 ‘ 0-145 “oe -0-046 
0-514 
0-686 462 0-374 —0-2 0-100 
0-625 ‘535 - 0-393 “253 —0-013 
0-336 0-439 535 —0-085 “155 0-147 
0-177 0-446 . 0-212 “ 0-098 
0-663 0-194 
0-188 —0-440 556 . —0-107 -2 0-098 
0-110 0-286 
0-167 ~0-433 625 — 0-267 -0-0354 
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The change of orientation of the hydroxyl group in lumisterol is a consequence of the 
preferred arrangement of the atoms of ring A in the staggered chair form of the cyclohexane 
ring. The situation is parallel with that found in c#s-decalin (Bastiansen and Hassel, 
Nature, 1946, 157, 765) and probably also in the choleic acids * and, as in these cases, results 
in the production of a very awkwardly shaped molecule. However, the overall shape of 
the molecule of lumisteryl 4-iodo-3-nitrobenzoate is completely masked in the preliminary 
crystallographic data through the intricate way in which the large substituent groups are 
fitted between the ends of the sterol ring systems. The molecular arrangement is deter- 
mined by the relative packing of the main part of the sterol nuclei and side chains of neigh- 
bouring molecules in a way exactly similar to that expected for normal steroids and this is 
reflected in the unit-cell dimensions, which are very similar to those of many normal 
steroid crystal structures. The crystal refractive indices, on the other hand, are largely 
controlled by the orientation of the substituent nitrobenzoate group and do not conform 
to the normal type of relation to the cell dimensions (Bernal, Crowfoot, and Fankuchen, 
Phil. Trans. Roy. Soc., 1940, A, 138, 135). 

These observations emphasise the difficulty of drawing conclusions about certain types 
of stereochemical configuration from preliminary X-ray data and suggest a resolution of an 
apparent conflict in the literature between present theory and early crystallographic data on 
coprostane, which has been discussed by Shoppee (A mn. Reports, 1946, 48, 200) and by Turner 
(Fieser and Fieser, ‘‘ Natural Products related to Phenanthrene,’’ Chap. X, Reinhold 
Publ. Corpn., N.Y.). That coprostane has unit-cell dimensions belonging to one of the 
normal steroid types can easily be accounted for by the lath-like character of the major 
part of the molecule; it does not provide any real evidence of a boat-shaped structure for 
ring A. As in the lumisterol crystal structure, the unit-cell dimensions almost certainly 
conceal the presence in this molecule of the chair form of ring A. 

A final point of a rather different kind may be made. .The mechanism of the trans- 
formation of ergosterol into lumisterol and its relation to the production of calciferol need 
further investigation. Stereochemically, it is unlikely that the 19-methyl group migrates 
directly to the other side of the steroid nucleus; this would involve its passage between 
carbon atoms initially themselves only 2} A apart. Most probably the initial stage is 
rupture between C;,9) and one of the carbon atoms of the ring system; either Ci—Cyy9), 
which is certainly broken in calciferol, or C;,;-C9) Tt (cf. the production by an irradiation 
reaction of lumicestrone and lumiandrosterone) are likely points of attack. In either case, 
lumisterol itself would then be formed by closure of the ring system in the new stereo- 
chemical configuration. It would not correspond with a definite stage in the transformation 
of ergosterol into calciferol but would be the product of a side-reaction, and would be capable 
itself of undergoing transformation into calciferol. These conclusions are in agreement 
with the early observations of Setz (Z. physiol. Chem., 1933, 215) that the production of 
lumisterol and calciferol is favoured by light of different wave-lengths, but in detail the 
course of the reactions is still obscure. 


EXPERIMENTAL 


Preparation and Characterisation of the Three Crystalline Forms.—Recrystallisation of Dr. 
Cornforth’s original material was accomplished by cooling or evaporation of acetone or benzene 
solutions. The properties of the three modifications are tabulated below. Forms A and B, 


Source Form a 
A Original material; also by evaporation of 
benzene solution at 25 Prism 10-5 
B_ Evaporation of acetone solution at 25° Needle 17-8 
C Cooling acetone or benzene solution from 
55° Prism 10-55 e 7: 20-57 93-5 


if uncoated, deteriorate rapidly and become opaque after a few days, but C remains unchanged 
for months. For this reason, and because form C has the smallest unit cell and alone can be 
* This has not been established in detail but is strongly suggested by the electron-density projections 


calculated by Giacomello and Caglioti, Gazzetta, 1939, 69, 245. 
+ As suggested to us by Dr. Cornforth. 





4566 Raphael and Scott: 


obtained from either acetone or benzene, it is presumed to be the only unsolvated form, and all 
the further work was done on it. 

Analysis of the original materials by Drs. Weiler and Strauss, Oxford, supported the view 
that this preparation, which largely consisted of form A, m. p. 136-5—137°, contained benzene 
of crystallisation (Found: C, 65:2; H, 7-0; loss at 100°, 9-9. C,;H,,O,NI,C,H, requires 
C, 65-5; H, 6-95; C,H,, 10-4. Found, on dried material: C, 62-9; H, 7-5; I, 18-75. 
C,,;H,,O,NI requires C, 62-6; H, 6-85; I, 18-9%). 

X-Ray Measurements.—Copper-K« radiation was used throughout. The intensities of the 
(hOl) and (Ok/) reflections were estimated visually from multiple-film Weissenberg photographs ; 
392 out of a possible 564 F(h0/)’s, and 127 out of a possible 217 F(Ok?)’s were estimated. On 
the edges of these Weissenberg photographs had been recorded the diffraction pattern of a fine 
copper wire, and the unit-cell dimensions were determined with the aid of this calibrating 
pattern. The lattice constant of copper was taken to be 3-6153 A. 

The dimensions of the crystal used were 0-12 x 0-15 x 0-15 mm. _ It was estimated that the 
extremes of X-ray transmission for this crystal were 0-32 and 0-39, and it was decided that this 
variation was not severe enough to make absorption corrections necessary. 

The absolute scales were obtained by correlation with the final calculated F(h0/)’s and 
F(Okl)’s. 

Calculations.—The b-axis Patterson projection (Fig. 1) is a ‘‘ sharpened ”’ projection, based 
on the (A0l) intensities divided through by the square of the f curve of iodine with a temperature 
factor B = 3-6 x 10°%*. All Fourier sums were performed with Beevers—Lipson strips and a 
desk adding machine, at intervals of 1/60 along c and 1/30 along aand-b. All structure-factor 
calculations were carried out by a technique which reduces structure-factor calculation to 
Fourier series summation (Sayre, Acta Cryst., 1951, 4, 362) and which, it is estimated, required 
only about 1/3 of the usual time. In all the structure-factor calculations CH, was treated as a 
carbon atom of atomic number 9, O and CH, as of 8, N and CH as of 7, and C as one of 6. 
Viervoll and Ogrim’s f curve (Acta Crvyst., 1949, 2, 277) was used for carbon, and that of the 
‘‘Internationale Tabellen zur Bestimmung von Kristallstructuren’’ for iodine. In the earlier 
calculations a temperature factor B = 3-5 x 10-4* wasappliedtoallatoms; in the final calculations 
an empirical overall correction curve was used instead, chosen to bring about the best agreement 
between F,ps, and Fyac,, and approximately equivalent to a temperature correction with 
B= 65 x 10°. 


We acknowledge gratefully grants from the Rockefeller and Nuffield Foundations and also 
personal assistance from Mrs. U. K. Ledwith in the calculations. 
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888. The Self-condensation of cycloDecane-1 : 2-dione. 


By R. A. RAPHAEL and A. I. Scorrt. 


With methanolic sodium methoxide cyclodecane-1 : 2-dione gives 2: 5- 
dihydroxy-2 : 6-3 : 5-bisheptamethylenecyclohexane-1 : 4-dione and 2-hydroxy- 
2: 6-3 : 5-bisheptamethylenecyclohex-5-ene-1 : 4-dione. The steric configur- 
ation of these compounds is discussed. 


dione and sodionitromalondialdehyde in aqueous alcoholic sodium hydroxide. The main 
product was sebacic acid but a small amount of a neutral non-nitrogenous, high-melting 
material was obtained. The same compound, a dimer of cyclodecane-l : 2-dione, was 
formed in much better yield by treatment of the dione alone with methanolic sodium 
methoxide, the product cfystallising from the reaction mixture. The compound exhibited 
no carbonyl reactivity, but infra-red absorption measurements (Nujol mull) showed 
the presence of strong bands at 1682 cm.-! (C—O-stretching frequency) and 3426 cm. 
(OH-stretching frequency). 

The most stable configuration of cyclodecanone is that in which the oxygen of the 
carbonyl group is enclosed as far as possible by the polymethylene chain, the so-called 


DuRING another investigation, a condensation was attempted between cyclodecane-l : 2- 
§ I y 
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‘“ Q-inside *’ configuration (Prelog, Centenary Lecture, J., 1950, 420). It follows therefore 
that the most favourable conformation of cyclodecane-1 : 2-dione is the ‘‘ O-inside, O-out- 
side ’’ structure, as in (I), a concept deriving support from ultra-violet absorption measure- 
ments on alicyclic «-diketones (Leonard and Mader, J. Amer. Chem. Soc., 1950, 72, 5388). 
This structure is very favourable for a double aldol-type condensation, and the postulated 
constitution (II) for the dimer produced was confirmed by oxidative degradation with 


CH,— CH, O=C-— CH, 
| \ 


| | 
[(CH,], O=C + C=O ~— — 
C 


=o CH,——CH, 


(Hal, O=C 


CH,— 





CH,—-CO——CH- 
OH 


(IV) (III) 


sodium bismuthate (Rigby, J., 1950, 1907), whereby cyclooctadecane-1 : 10-dione was 
produced. This product is readily derived from (II) by fission of the bonds marked * and 
decarboxylation of the resulting acid (III); the latter was isolated from a milder reaction 
procedure. The formulation (II) also accounts for the lack of carbonyl properties (cf. Prelog, 
Barman, and Zimmerman, Helv. Chim. Acta, 1949, 32, 1284) and for the resistance to 
acylation. 

Attempted conversions of the dimer into the corresponding substituted benzoquinone 
by use of dehydrating agents gave, in nearly every case, only unchanged material. How- 
ever, fusion with toluene-f-sulphonic acid gave an intense purplish-blue melt, now being 
investigated. 

A more soluble second product, Cy95H 3903, from the preparation of the dimer also showed 
no carbonyl or hydroxylic reactions although its infra-red spectrum (in CCl,) exhibited the 
stretching frequencies of these groups at 1712 cm.~! and 3565 cm.!, respectively ; in addi- 
tion a weak C—C-stretching frequency was observable at 1621 cm.-4. This indication of 
one double bond was confirmed by quantitative micro-hydrogenation. The ultra-violet 
absorption of this compound [Amax. 2450 A (e = 75,000), dina, 2520 A (e= 72,500); in 
EtOH] is in accord with the chromophoric properties expected from a dialkylated cyclo- 
hex-2-ene-1 : 4-dione (cf. Bastron, Davis, and Butz, J. Org. Chem., 1943, 8, 515). All 
these properties point clearly to (IV) for this second product. The resistance of (II) to 
drastic dehydrating agents shows that it cannot be an intermediate in the formation of (IV) 
and it is thus highly probable that the stereochemistry of the two molecules is different. 

The production of the dimer (II) from cyclodecane-1 : 2-dione involves the creation of 
four asymmetric centres and the resulting six-membered ring probably adopts the more 
stable, chair conformation. There are then three possible modes of attachment of a 
heptamethylene chain to the six-membered ring, namely, equatorial-equatorial (e-e), 
polar—-polar (p-p), and equatorial—polar (e—p) (cf. Barton, Experientia, 1950, 6, 312). 
The relative stability of the chain in these three configurations may be assessed by using 
the known relationship between the constellation of a polymethylene chain and its energy 
content (Prelog, J., 1950, 424). ‘‘ Catalin ’’ molecular models of the three configurations 
show that in the e-e and the ~-p mode of attachment the heptamethylene chain has six 
energetically unfavourable c constellations while the e—p linking has only five c constella- 
tions and one favourable } constellation; this latter configuration represents an enhanced 
stability of ca. 3 kcals. ~The most stable structures are therefore those in which both 


heptamethylene chains possess the energetically favourable e—p junction; these are only 
three (V, VI, and VII). 
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Structure (VII) possesses adjacent hydrogen and hydroxyl groups which are opposed 
and stereochemically polar. These are the optimum conditions for ready dehydration by 
an E2 reaction (Ingold ef al., J., 1948, 2903; Barton, loc. cit.; Barton et al., J. Amer. 
Chem. Soc., 1950, 72, 370, 1066; J., 1951, 1048, 2598; Shoppee and Summers, /., 1952, 
1786). The dehydration is further favoured by the fact that each chain in (VIII) is made 


H H 
xOXH x xO x 
N 


H xox - HO xHH 
H 
(V) (VI) (VII) (VIII) 
(Heptamethylene junctions are shown as — x ; the carbonyl groups are omitted for the sake of 
clarity.) 


fr ae \ 
HO x H 


up of four favourable } constellations, one very favourable d constellation, and only one 
unfavourable c constellation, a gain in stability of ca. 12 kcals. for each chain. The remain- 
ing hydrogen and hydroxyl groups in (VIII) are both equatorial and would therefore 
resist ionic dehydration. It is thus highly likely that (VIII) represents the steric structure 
of the unsaturated product. This leaves a choice between the two closely related con- 
formations (V) and (VI) for the structure of the dimer. Neither has an adjacent polar 
hydrogen and polar hydroxyl and thus both would explain the resistance to dehydration. 
Structure (V), is however, far more probable as the bulky hydroxyl groups occupy the less 
sterically hindered and thermodynamically more stable equatorial positions. That this 
conformational analysis predicts only two products of optimum stability is in good accord 
with the practical findings; the combined yields of the products (II) and (IV) represent an 
almost quantitative conversion of the cyclodecane-1 : 2-dione. 


EXPERIMENTAL 
Melting points were determined on a Kofler block. 

2-H ydroxycyclodecanone.—This was prepared from diethyl sebacate by the method of Prelog, 
Frenkiel, Kobelt, and Barman (Helv. Chim. Acta, 1947, 30, 1741), in comparable yield. A 
higher-boiling by-product, b. p. 200—230°/0-1 mm., formed needles (from methanol), m. p. 
125—126°, of 2: 12-dihydroxycycloeicosane-1 : 1l-dione [Found: C, 70-45; H, 10-25%; M 
(ebullioscopic in benzene), 351. Cy 9H,,O0,4 requires C, 70-55; H, 10-65%; M, 340). 

cycloDecane-1 : 2-dione.—A mixture of crude 2-hydroxycyclodecanone (35 g.), bismuth oxide 
(35 g.), and acetic acid (150 c.c.) was stirred in a boiling-water bath for 45 minutes (cf. Rigby, 
]., 1951, 793). Bismuth compounds were then filtered off, the filtrate diluted with water, and the 
dione extracted with light petroleum (b. p. 40—60°). One crystallisation from a small volume 
of light petroleum (b. p. 40—60°) of the solid so obtained gave nearly pure cyclodecane-1 : 2- 
dione (22 g.) as yellow prisms, m. p. 41—43° (Prelog e? al., loc. cit., give m. p. 44°). 

Self-condensation of cycloDecane-1 : 2-dione.—cycloDecane-1 : 2-dione (5-28 g.) in methanol 
(20 c.c.) was added to methanolic sodium methoxide [from methanol (50 c.c.) and sodium (2 g.)], 
in a 100-c.c. flask, which was then filled to the stopper with methanol. The crystals (2-8 g.; 
m. p. 242—248°), obtained after 16 hours at room temperature, gave 2: 5-dihydroxy-2 : 6- 
3: 5-bisheptamethylenecyclohexane-1 : 4-dione (1 : 9-10 : 18-bisovomethylenecyclooctadecane-1 : 10- 
diol) (11) as fine needles (from toluene), m. p. 255° [Found : C, 71-2; H, 9-4%; M (ebullioscopic 
in benzene), 304. C, )H,,0, requires C, 71-4; H, 9-55%; M, 336}, which were sparingly 
soluble in cold common organic solvents but slowly dissolved in hot dioxan, chloroform, toluene, 
pyridine, and acetic acid. Potassium hydrogen sulphate at 200°, phosphoric oxide in hot 
triethylamine—benzene, phosphorus tribromide in hot toluene, phthalic anhydride at 200°, 
boiling acetic anhydride, and benzoyl chloride—pyridine produced no change. The compound 
was recovered unchanged on dilution of a solution in concentrated sulphuric acid. 

The methanolic filtrate was diluted with water (2 vols.) and set aside. The second product 
(IV) (1-8 g.; m. p. 150—158°) crystallised from light petroleum (b. p. 100—120°), giving 
2-hydroxy-2 : 6-3 : 5-bisheptamethylenecyclohex-5-ene-1 : 4-dione (1: 9-10: 18-bisoxomethylene - 
cyclooctadec-9-en-l-ol) as prismatic clusters, m. p. 169—171° [Found: C ‘3; H, &7%; 


i 
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microhydrogenation (Pd in acetic acid), 1-1/°. C, 9H3,O, requires C, 75-45; H, 95%]. Treat- 
ment with the dehydrating agents mentioned above left the compound unchanged. 

Sodium Bismuthate Oxidation of (I1).—The dimer (1 g.), in warm acetic acid (100 c.c.), 
phosphoric acid (8 c¢.c.; 3-3m) and sodium bismuthate (4 g.; 4 mols.) were stirred at 70—75° 
for 6 hours. The cooled mixture was diluted with water (50 c,c.) and then shaken with ether 
(3 x 250 c.c.), and a flocculent suspension of unchanged dimer (0-35 g.) in the ether was filtered 
off. The sticky solid from the washed, dried, extract was extracted with boiling light petroleum 
(b. p. 40—60°); this gave a pale yellow oil which quickly solidified. The solid was pressed on 
porous tile and was then crystallised from a small volume of light petroleum (b. p. 40—60°) at 
0°, furnishing prismatic plates (80 mg.), m. p. 94—-96° alone and mixed with authentic cyclo- 
octadecane-1:10-dione (m. p. 96°). 

Oxidation of (II) at 50° with only 2 mols. of bismuthate gave a small yield of 1 : 10-dioxo- 
cyclooctadecane-2 : 11-dicarboxylic acid (III), needles (from benzene), m. p. 128° (Found: C, 
65-2; H, 8-6. C.9H,,0, requires C, 65-2; H, 8-75%). 

Oxidation of the dimer with chromium trioxide in acetic acid at 80° gave azelaic acid. 


We are indebted to Professor Prelog for providing a specimen of cyclooctadecane-1 : 10-dione 
We also thank Dr. G. D. Meakins of the University of Manchester for determining the infra-red 
spectra. A maintenance award to one of us (A. I. S.) from the Department of Scientific and 
Industrial Research is gratefully acknowledged. 
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889. A Study of the Supercooling of Drops of Some Molecular 
Liquids. 
By D. G. THomas and L. A. K. STAVELEY. 


The extent to which various liquid drops may be supercooled has been 
observed by examining the appearance of clouds of such drops in a beam 
of light at different temperatures. For most of the liquids studied the 
great majority of the drops did not freeze until a comparatively narrow 
range of temperature had been reached far. below the melting point. In 
this range where the drops freeze spontaneous homogeneous nucleation is 
assumed to occur. This is discussed in the light of current theories of 
nucleation phenomena in which a key role is played by the interfacial 
tension between solid and liquid. An attempt is made to determine values 
of this quantity, and correlate them with the corresponding heats of fusion. 


In recent years measurements have been made, particularly by Turnbull and his colleagues, 
on the extent to which liquid metals will supercool in the absence of catalysts (Turnbull 
and Cech, J. Appl. Physics, 1950, 21, 804). An essential feature of these experiments 
was that observations were made on numerous, isolated drops, in the expectation that while 
some of these might have occluded impurities the majority should not. Experiments 
on the same lines with molecular liquids with the single exception of water have not been 
described. In this paper we present some observations on the supercooling of some com- 
mon organic liquids and of some liquefied gases. An attempt will be made to interpret 
these on current theories of homogeneous nucleation. 


EXPERIMENTAL 

The problem was to find the temperature at which a large number of isolated drops o! 
liquid froze. One may in principle either examine a cloud of drops simultaneously or else a 
large number of individual drops. An unsuccessful attempt was made to follow the latter 
course, by adapting Rumpf and Seigl’s method (Z. Physik, 1938, 111, 301), in which individual 
drops were held stationary and observed in a cold stream of air flowing upwards. It was found 
that it was not easy to hold a drop stationary, that the drops steadily evaporated, and that 
freezing could not readily be detected. Consequently, a cloud method was adopted. The 
method had been used for water, though few experimental details were given (Schaefer, Bul/ 
Amer. Met. Soc., 1948, 29, 175), and it was reported that the water clouds froze completely over 
the range —39°+0-1°. 
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A copper vessel was made with shape and dimensions shown in Fig. 1, A. The inside was 
blackened by electrolytic deposition from a solution containing nickel, to provide a black back- 
ground to contrast with the twinkling of crystals. A brass lid (Fig. 1, B) was screwed on to the 
lip of this chamber; it had four tubes (Fig. 1, C) soldered on to it, one reaching nearly to the 
bottom of the chamber, this one being used as an exit for dry air; down another came wires 
for the two thermocouples which ended near the middle and near the bottom of the vessel, and 
which were held on a mica former attached to the lid; a third held the glass tube for introducing 
the vapour to make the clouds, and down the fourth solid carbon dioxide could be dropped. 
The lid also had a circular hole 5 cm. in diameter on to which was clamped a piece of Perspex. 
A beam of light was reflected off a mirror so that it entered the chamber through the Perspex at 
an angle of 45°. The cloud in the chamber was observed through a vertical glass tube 1-5 cm. 
in diameter blackened on the outside, which fitted over a hole in the Perspex window. The upper 

Fic. 1. Fic. 2. 
First cloud chamber used to examine Apparatus used for introducing 


freezing of drops. vapour into cold chamber. 


ad 


H2 
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Key to Fig. l 

A. Copper chamber in elevation : 
(a) Thin copper shield ; 
(b) copper 1-5 mm. thick. 

B. Brass lid of chamber in plan : 
(a) Perspex window with hole for view- 

ing tube. 

C. Lid in elevation : 
(a) Viewing tube blackened on outside ; 
(6) thermocouples on mica former. 




















end of the tube was covered with another piece of Perspex and the tube was sufficiently long to 
ensure that this did not frost over. 

The chamber and lid were immersed to within 1 cm. of the top edge of the copper shield 
in a bath of alcohol contained in a Dewar vessel. The alcohol was cooled with solid carbon 
dioxide, and was stirred and kept cold by a stream of cold gas evolved from liquid oxygen, the 
rate of this stream being controlled by adjusting the current in a heating coil immersed in the 
liquid oxygen. The temperature of the bath, measured to within +0-1° by a three-junction 
thermocouple, could be kept constant without difficulty for the time required to make and observe 
a cloud. 

The temperature of the clouds, which often only lasted a short time, was measured with 
the thin bare thermocouples mentioned above. The second junction of these thermocouples 
was immersed in the surrounding bath. By connecting the thermocouples to a galvanometer, 
the difference in temperature between the thermocouple junctions in the chamber and in the 
bath could be seen at any instant. A deflection of 3 cm. on the galvanometer scale corre- 
sponded to a temperature difference of 1°. 

The best method of producing a sufficiently copious cloud while at the same time avoiding 
excessive heating, was found to consist of blowing a puff of vapour into the cold chamber 
usually together with some indifferent gas. The apparatus used is shown in Fig. 2. By means 
of a heating coil, liquid was boiled in the bottom of A; B and H served as traps for any large 
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quantities of liqu:d that might be blown down, and B could be surrounded with ice or hot 
water. F reached into the chamber; usually it was used with a hole in the side of the tube, 
and the bottom sealed, in order that the vapour should be blown around the chamber, but it 
was subsequently found that it was usually better simply to have the bottom open. 

The liquid was boiled in A, which was filled with hydrogen (chosen for its high thermal 
conductivity) which had been passed through a liquid-oxygen trap, to a pressure of a few 
cm. of mercury. The tap C was then opened, and acloud would appear in the chamber. This 
was illuminated by the beam of light and observed through the blackened tube; if the cloud 
sparkled it consisted of crystals, if it appeared as a dull mist it consisted of unfrozen drops— 
though by no means every liquid gave such clear-cut results. A further test of an unfrozen 
cloud was to drop in small particles of solid carbon dioxide, which, providing the freezing 
range for the substance in question lay above —78°, would produce in their wake “ trails ’’ of 
tiny crystals which grew by distillation until the whole cloud was transformed into a mass of 
large sparkling crystals. Solid carbon dioxide had of course no effect on a frozen cloud. 

If a substance was examined which was solid above room temperature, all of the boiler 
and the inlet tube down to the chamber was electrically heated; often with these substances 
it was not necessary to boil the liquids, which were simply kept molten. After each cloud, C 
was closed and D opened, and a stream of dry air passed through the chamber, which removed 
the solid residue from the previous cloud. Finally, D was closed and when temperature equili- 
brium had been regained another cloud was formed. The temperature was altered by warming 
or cooling the surrounding bath. 

When each cloud was formed the temperature in the chamber rose; usually the thermo- 
couple indicated a maximum difference of temperature between the bath and the chamber of 
1—2°. Assoon as the thermocouple E.M.F. has passed its maximum value the gas temperature 
must be less than that of the thermocouple junction; the clouds nearly always persisted until 
the maximum value had been reached and usually until their temperature was within a fraction 
of a degree of that of the bath. The recorded temperatures are those of the bath, so these 
represent the lowest cloud temperatures at least to within a degree and usually to within a 
fraction of a degree. 

Frequently, two samples of a single substance were examined which differed in purity 
However, there was hardly any difference in the behaviour of such a pair of samples, and we 
have no evidence for believing that the results we present are in any way critically dependent 
on the concentration of homogeneous impurities. The only exception to this statement con- 
cerns the presence of water (see, ¢.g., remarks on benzene, below); but the effect here is almost 
certainly due to the formation of ice particles which act as heterogeneous nuclei. Accord- 
ingly, all liquids and gases were dried with phosphoric anhydride except for dioxan and ammonia, 
for which sodium was used, and precautions were taken to exclude moisture and in particular 
carrier gases were carefully dried. 

The observations on different substances may be summarised as follows. (For convenience 
we shall denote by T, the mean temperature of the comparatively narrow range in which the 
drops were first observed to freeze.) 

Water.—Distilled water was used, and was found to freeze over the range —40-5° +- 1°. 
Above the critical temperature, —40-5°, but below 0°, a cloud could be frozen by dropping 
in solid carbon dioxide. Several degrees above T, a few crystals appeared, but the main 
part of the cloud remained unfrozen; this was generally so for all the substances examined 
Below T, the clouds always froze and solid carbon dioxide had no effect. When the drops 
freeze spontaneously the crystals are rather smaller than those produced by carbon dioxide 
in an unfrozen cloud; probably the latter grow by distillation. 

Other workers, sometimes using different techniques, have reported similar temperatures 
to that recorded here for the spontaneous freezing of small water drops. Schaefer (loc. cit.) 
gave —39° + 0-1° (though it is surprising that such a narrow range is reported) ; Mason (Quart. 
J. Roy. Met. Soc., 1952, 78, 22) gave —40°+1°, and Lafargue (Compt. rend., 1950, 230, 2022) 
quoted —40-5° + 1-5°. 

Benzene.—Two samples of benzene were examined; the first and less pure had m. p. 517°; 
the second, m. p. 5-50°, was purified by the method involving the formation of a clathrate 
compound (Evans, Ormrod, Goalby, and Staveley, J., 1950, 3346). The first sample seemed 
to freeze a degree or so above the second sample, which froze over the range —65° + 2°. Solid 
carbon dioxide caused unfrozen clouds to freeze. If the benzene was damp, freezing occurred 


above T., but not above about —45° ; possibly ice formed in each drop catalysed the freezing of 
the benzene. 
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Carbon Tetrachlovide.—Two samples were used. The first was the purest commercial 
sample available; the second was the same liquid further purified by washing it twice with 
sodium hydroxide solution, three times with water, drying (CaCl,), and finally fractionating 
off phosphoric anhydride. The fraction collected boiled over a range of 0-05°. Again, there 
was an indication that the less pure sample froze a degree or so above the purer sample, which 
froze at —73°+2°. Solid carbon dioxide caused freezing of unfrozen clouds. 

Ethylene Dibromide.—A sample melting at 8-3—9-5° froze about 2° above a sample which 
had been purified by succesive treatment with sulphuric acid, sodium carbonate, and water 
and then fractionated; this purer sample, m. p. 9-3—9-8°, froze at —57° + 2°. With this sub- 
stance it was not easy to distinguish between frozen and unfrozen clouds; the frozen particles 
did not sparkle brightly, but lasted longer and were brighter than the liquid drops. Probably 
this was because smaller drops were formed in this case than before. Solid carbon dioxide, 
especially if present in the chamber when the cloud was being made, caused large crystals to 
appear. 

Naphthalene.—A sample of high purity was available, which had been obtained by slowly 
freezing naphthalene and rejecting that portion which froze last (Schwab and Wichers, /. 
Res. Nat. Bur. Stand., 1940, 25, 747). It gave clouds that froze over the ramge —14-5° + 1°, 
Solid carbon dioxide had the usual spectacular effect of forming large crystals in an unfrozen 
cloud. 

Benzoic Acid.—‘‘ AnalaR’’ benzoic acid was used. Very dense and long-lasting clouds 
were produced which did not sparkle at any temperature unless solid carbon dioxide was added. 
Chen, providing the temperature was above about 4°, the carbon dioxide caused after a short 
time the appearance of many sparkling crystals. But at 0° carbon dioxide had no effect. 
Hence, one may conclude that the drops froze between 0° and 4°, though they were too small to 
sparkle visibly when they all froze together; when, however, a few were frozen by local cooling, 
these could grow by distillation to larger crystals. This evidence is not as direct and therefore 
not as reliable as that obtained for some other substances, but the conclusion is thought to be 
essentially correct. 

Carbon Tetrabvomide.—Two samples were examined, the purer being obtained from the 
other sample by sublimation at low pressure. The experiments with this substance were not 
easy, Chiefly because the clouds remained in view for only a very short time. They often 
disappeared before the thermocouple had reached its maximum value. This is probably 
connected with the high density of the tetrabromide. Also, to produce copious clouds the 
substance had to be boiled and this caused some decomposition and a large heating effect 
when the cloud was made. The particles were, however, quite large, so it was easy to tell 
whether or not they were frozen. The first sample seemed to freeze near + 18°, and the second 
at +8° + 5°. The reason for this difference, upon which too much reliance should not be placed, 
may be connected with the difference in purity; 8° will be used for 7, in later calculations. 
Solid carbon dioxide caused freezing as usual. 

Diphenyl.—Again two samples were examined : the first a commercial sample, the second 
puritied by two low-pressure sublimations. The clouds consisted of very small particles and 
lasted as long as 10 minutes. An unfrozen cloud was detected by adding solid carbon dioxide 
after 1 minute, whereupon general freezing would occur. A cloud at a temperature above what 
was taken to be 7, would often develop crystals spontaneously after about 5 minutes; it was 
considered that this was due to the long period of time for which the cloud was in contact 
with solid on the walls. Again, therefore, the results are not as clear-cut as those yielded by 
more favourable substances. The direct sample seemed to freeze over the range —15° + 1-5°. 
The purer sample at first probably gave liquid clouds 5—8° below this figure, but later T, 
returned to —15°. 

For the eight substances just mentioned it was possible to define with varying degrees of 
precision the freezing range. For the following liquids this could not be done. 

cycloHexane.—Two specimens were examined, one melting at 3-8°, the other at 498°. These 
specimens were not therefore of the highest purity, but the lack of success with them did not 
seem to justify the preparation of a purer sample. Consistent results could not be obtained ; 
freezing may have taken place anywhere between —40° and —60°. Sometimes at a particular 
temperature a cloud appeared to be frozen and sometimes unfrozen. Assuming that freezing 
should occur over a small temperature range, one is led to suppose that there is some extraneous 
interfering factor. It is hard to see how such a factor could do other than raise the freezing 
temperature; crystals on the walls of the vessel might cause early freezing and so might impuri- 
ties, for if these were homogeneous impurities which raised the interfacial tension between solid 





[1952] Drops of Some Molecular Liquids. 4573 


and liquid, they would for this very reason be largely eliminated from the interface. Thus T, 
probably lies at or below —60°. 

Dioxan.—A purified sample was used which melted at 11—11-7°. Freezing probably took 
place between —44° and —54°, but the results were not very consistent. 

p-Xylene.—In all, three samples were examined, m. p.s 12-6°, 13-1—13-3°, and 13-2——13-3°. 
No difference could be detected in their behaviour. Down to about —50° solid carbon dioxide 
caused the clouds to freeze and this could be detected by the twinkling 
of the crystals. Below this, the effects were much less definite, possibly Fic. 3. 
because the drop size decreased, and no definite freezing range was found. Second apparatus used for 

Apparatus used at Low Temperatures.—In order to extend the examining clouds at low 
temperature range below —78-5°, a new all-glass cloud chamber was bempevatures. 
constrycted (Fig. 3) which could be immersed in liquid oxygen. The  _ 15mm 
temperature inside the chamber could be controlled by the current in ~ — 
the surrounding heating wire and by the pressure of gas in the space 
between the inner and the outer walls. The temperature was measured 
with two 36 s.w.g. copper—38 s.w.g. constantan thermocouples which 
had been calibrated at the temperatures of solid carbon dioxide and 
boiling oxygen; one terminated half way down the narrow lead-in tube, 
and the other in the centre of the main chamber. 

Substances gaseous at room temperature were examined and were 
introduced into the chamber by means of the apparatus shown in Fig. 4. 
The chamber was surrounded by a Dewar vessel with an unsilvered strip 
which contained liquid oxygen up to the level E (Fig. 3). After the 
chamber had been filled with dry hydrogen, its temperature was brought 
to some value below the m. p. of the substance being examined, and the 
temperature of the lead-in tube was kept, by adjusting the heating 
current, just above the m. p. Some gas from the trap B was compressed 
in the vessel D (which was of about the same capacity, viz., 100 c.c., as 
that of the cloud chamber), to a pressure of about 20 cm. of mercury 
above atmospheric. With the chamber in contact with the atmosphere 
through a liquid-air trap, tap C was opened and a cloud formed in the 
chamber. it was illuminated bya beam of light directed slightly upwards 
shining through the Dewar vessel, and it was examined from the top 
through the plate-glass window C. The outside of the bottom of the 
chamber was blackened with “ Aquadag.’’ As usual, crystals generally 
sparkled in the light beam, while liquid drops appeared as a dull fog. 
When a cloud was formed the temperature rose at first and then fell, but it usually became 
constant about 1° above the initial temperature so that the recorded temperatures are perhaps 
low by this amount, though it did seem that whatever happened to a cloud happened in the 
first instant in which it was made. After each cloud, solid in the chamber was removed with 

















Fic. 4 
Apparatus used for introducing gases into the low-temperature cloud chamber which is 
connected to the tube ¥. The vacuum line is connected to X and Y. 


a stream of air from E which was dried with phosphoric anhydride and passed through a liquid- 
oxygen trap, and the temperature was readjusted and the operations repeated. 

The following results were obtained. 

Ammonia.—The ammonia, prepared from magnesium nitride and water, had been dried with 
sodium and purified by fractional sublimations; its triple point pressure was 45-62 +0-03 mm. 
Freezing took place at —118-0°+1-5°; a few crystals were seen above this temperature, 
but mostly there was a dense fog which disappeared within about 30 seconds. At and below 
T, the twinkling of the crystals was easily observable. 
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Methyl Chloride.—Two samples were examined; both were obtained from a cylinder and 
dried by passage through calcium chloride and phosphoric anhydride. One sample was further 
purified by distillation in a low-temperature column (Clusius and Riccoboni, Z. physikal. Chem., 
1938, B, 38, 81). Again no difference was observed between the two specimens. 

The unfrozen clouds appeared as bright thick fogs, but below about —154° remarkable 
white lumps or fibrous filaments appeared which did not sparkle, and settled only slowly. 
Though their like had not been seen before, these particles were assumed to be frozen. It mav 
be significant that often rather feather-like crystals were seen in the liquid-oxygen trap 
containing the methyl chloride. It was estimated that freezing took place over the range 
—153-2° + 1-5°. 

Hydrogen Sulphide——This was prepared by dropping 2N-hydrochloric acid on calcium 
sulphide, washing the gas with water and potassium hydrogen sulphide solution, and, drying 
it with calcium chloride and phosphoric anhydride. A portion was examined at this stage 
and the rest was purified in the low-temperature column. Undoubtedly, the second sample 
was purer than the first but no difference between the two could be detected. Above about 

-100° clouds could not be formed; between about —100° and —115° frozen clouds could be 
obtained with fairly large crystals which quickly settled. Below about —115° the clouds lasted 
longer, but sparkling could not definitely be seen presumably because the particles were small, 
though it is assumed that crystals were present. It seems therefore that in these experiments 
liquid hydrogen sulphide supercools less than about 15° before it freezes. 

Nitrous Oxide.—Nitrous oxide was obtained from a cylinder, passed over phosphoric 
anhydride and fractionated in the low-temperature column. Because of the high vapour 
pressure (the triple point pressure is 658-9 mm.) clouds could not be produced above 
about —127°, and even here very large puffs were required to give no more than a few wisps of 
crystals and there was a heating effect of as much as 4°. Between about —127° and —131° 
frozen clouds were obtained which were thin and lasted only about 10 seconds. A few degrees 
below this, better clouds were obtained but it was now not easy to tell whether or not crystals 
were present, though presumably this was the case. It seems therefore that there was less than 
about 25—30° of supercooling. 

Hydrogen Chloride.—Hydrogen chloride was prepared from benzoyl chloride and water, 
passed through a trap at the temperature of solid carbon dioxide, and then distilled in 
the low-temperature column. No satisfactory results could be obtained with this sub- 
stance. Clouds could be produced within about 10° of the m. p. and sometimes there were 
suggestions that these contained crystals. At lower temperatures brighter and longer-lasting 


clouds were produced but it was not possible to decide definitely whether or not they were 
frozen. 


DISCUSSION 
We shall first consider the results obtained in the light of the expression derived by 


Turnbull and Fisher (J. Chem. Phys., 1949, 17, 71), by application of absolute reaction rate 
theory, for the rate of nucleation in supercooled liquids, viz. : 


r* S (nkT/h) . exp(—AFa/kT).exp(—AF,;*/kT) . . . . (I) 
where r* is the number of self-propagating nuclei formed per second in a drop of liquid 
containing » molecules, and AF, was defined by Turnbull and Fisher as the free energy of 
activation for the short-range diffusion of atoms or molecules moving a fraction of an 
atomic distance across an interface to join the lattice of the nucleus; AF;* is the free energy 
of formation of a nucleus of critical size; its value at a temperature T is given by the 
following expression 

AF;* = 16no®7,?7/3029(AT)® 2. ww we CeCe (2) 


where o is the solid—liquid interfacial-surface free energy per unit area, d is the latent heat 
of fusion per unit volume, Ty is the m. p., and AT = T, —T. This expression is derived 
by assuming that the nuclei are spherical, and that the entropy of fusion is independent 
of temperature. 

Turnbull has applied these equations to his own observations on the freezing of super- 
cooled liquid metals (Turnbull, J. Appl. Physics, 1950, 21, 1022; J. Chem. Phys., 1952, 
20, 411). For two of these (7b1d., 1950, 18, 768), measurements were actually made of the 
nucleation rate at different temperatures. These measurements were in fair quantitative 
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agreement with equation (1) if AF, was taken to be the (relatively small) free energy of 
activation for viscous flow. For each of a large number of metals, measurements were 
made of the temperature in the near neighbourhood of which the nucleation rate rises to 
such a figure as to cause nucleation in, and hence crystallisation of, a small drop (diameter 
~50 yw) in ~10 seconds. From equations (1) and (2), values of « for these metals were derived. 
There is apparently no other method for estimating «. Turnbull’s values are such that the 
quantity o,/AH; for most metals lay between 0-4 and 0-5. Here AH; is the molar heat of 
fusion and o, = N!Vic, where N is the Avogadro number and V the molar volume; 
o, is in effect a measure of the surface free energy of a mole of substance at the interface. 

In treating our results in the same way, the question at once arises whether it is per- 
missible to assign a relatively insignificant role to the quantity exp(— AF ,4/kT), for now we 
are dealing with liquids with polyatomic molecules where the transfer of a molecule from 
the liquid to the solid lattice may well be altogether more difficult than in the relatively 
simple metallic system. It is well known that, for this type of liquid, glass formation is 
by no means uncommon. We shall discuss this more fully in due course, but provisionally 
we will suppose that exp(— AF 4/kT) = 10-2, the value used by Turnbull. We shall suppose 
that the average diameter of the drops is 50 microns; their size must in fact have varied 
considerably and may often have been less than this, but the values of « are comparatively 
insensitive to m in equation (1), t.e., to drop size. We suppose, moreover, that at the 
temperatures recorded in the Table at which spontaneous freezing may roughly be said 
to occur, the nucleation rate was 107! nuclei/second. With these assumptions AF;*/kT 
has to have a value of 62. 


Summary of results concerning supercooling of liquids 


Supercooling, 

.= T+ T, — Te o, %, 
m.p. (°K)  f. p. (°K) AT ergs/cm.?__cal./mole o,/AHy AT/T, 
120 + 1- 55-6° 21: 595 0-39 0-317 
155-2 +- 1-5 40-3 29- 446 0-33 0-206 
200-2 +. 3 50-4 . 280 0-47 0-202 
200-2 + § 50-4 584 0-32 0-202 
232-7 + 40-5 )- 460 0-30 0-148 
208-2 + : 70-2 20- 824 0-35 0-252 
oss 216-2 + 3 66-5 2 835 0-33 0-235 
Dipheny!] : 258 (?) 86 24- 1260 0-31 0-25 
Naphthalene ... 353: 258-7 + 94-4 30- 1420 0-31 0-267 
CBr, {4 3: 281 + 82 458 0-48, 0-226 

lb 281 + £ 82 21: 934 0-34 0-226 
C,H,*CO,H 395- 275 + ° 120 34- 1480 0-36 0-304 
White P, 317° 201-9 115-6 2: 427 0-68 0-364 


—— a) 


6 
a) 
2 
2 
2 
4 
7 


In the table there are presented values of « derived from experimental AT values, and 
also calculated values of co, and of the ratio o,/AH;. It is interesting that for most of 
these liquids this last ratio is roughly constant, having a value of about 1/3. For carbon 
tetrachloride and tetrabromide two sets of figures have been given. This is because each 
of these substances undergoes a transition with a considerable entropy change at a higher 
temperature than that at which the supercooled liquid was observed to freeze. The 
figures marked ‘‘a’’ have been calculated on the assumption that this crystallisation 
produces the metastable high-temperature form; and those marked “}’’ have been 
estimated by assuming that the stable low-temperature form appears. In the latter 
calculation we have inserted for the latent heat quantity in equation (2) the value obtained 
by multiplying the m. p. by the sum of the entropies of fusion and transition. It is interest- 
ing that it is for the second alternative that the ratio is near 1/3. Calculations have also 
been made from Hildebrand and Rotariu’s data (J. Amer. Chem. Soc., 1951, 73, 2524) on 
the supercooling of white phosphorus, which was studied by observing small drops on glass 
surfaces. If we suppose that at the lowest temperature to which the drops could be cooled 
and still remain liquid, the nucleation rate was the same at that assumed above, then the 
o,/AH; ratio is now much greater than for any of the other liquids we have investigated 
(see table). 

We may note that attempts have been made to explain the rough constancy of the ratio 
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of the molar surface energy (oy — T . doy/d7) of a normal diguid toits molar heat of vaporis- 
ation, which is usually between $4 and } (Skapski, J. Chem. Phys., 1948, 16, 389; Rideal, 
“‘ Surface Chemistry,”’ p. 30, Camb. Univ. Press, 1930). A difficulty arises in attempting 
to apply these ideas to our problem since o, is the molar interfacial free energy, and we have 
no means of measuring the interfacial energy. However, as now we have solid surface in 
contact with liquid it is possible that the entropy contribution is very small, because 
though the surface of the solid will to some extent be disordered this may be more or less 
balanced by an increased ordering of the liquid surface in contact with it. We may then 
take o, as being approximately the same as the surface energy. Since a molecule in the 
surface may be regarded as partly in the liquid one might expect a, to be of the order of 
one-half the latent heat of fusion. At least, therefore, we may describe our values for 
o,/AH, as being not unreasonable. It is obviously desirable, however, to have more data 
for other liquids and it would be particularly valuable to have independent estimates 
for oy. 

We may recall that our experiments with hydrogen sulphide and nitrous oxide suggested 
that with these liquids there was very little supercooling. We must stress that in the 
experiments with these substances it was difficult to produce clouds at all in a range of 
20° or so below the m. p., but that those that were obtained always appeared to be frozen. 
When the substance is highly volatile under the conditions of the experiments, as these are, 
difficulties may be introduced by the speed with which distillation can take place which 
might lead to marked local cooling. But if the results are genuine then, since for neither 
of these liquids can AH; be described as abnormally small, it follows that o is relatively 
very low. The only physical property which appears to distinguish these liquids from any 
others is the high triple-point pressure (H,S 174 mm.; N,O 659 mm.). 

We have already recalled that many organic liquids readily form glasses when cooled, 
and it seems worth while to consider briefly how this is to be interpreted. We should first 
point out that if AF, of equation (1), which has been tentatively taken to be equal to the 
energy of activation for viscous flow, is put equal to zero, the nucleation rate has a maximum 
value at the relatively low temperature of 7,/3. If increasing positive values are assigned 
to AF, the temperature of the maximum is displaced towards Ty. If the liquid can be 
supercooled to a temperature below the glass-transformation point T, (roughly, this is 
really a comparatively narrow range of temperature over which the time of relaxation of 
those molecular motions which differentiate a supercooled liquid from its crystalline form 
become comparable with the time of an experiment), then it may be supposed that the 
liquid will never be observed to freeze spontaneously. Kauzmann (Chem. Reviews, 1948, 
43, 219) has pointed out that 7, is often near $7, and if we assume that T, ~ §7o, it is of 
interest to enquire whether or not the viscosity term might reasonably be expected to prevent 
nucleation down to this temperature. At 7, [from equation (2)]: 

AF * /te(§7,) = T2me*fa"hT, 2. 2 2 tw lw lw Ce 

Values of « as determined above being used, this expression has a value of ~18 for water 
and ~28 for ammonia. This value should not differ widely from one substance to another 
and we will take it to be ~25. Now for nucleation not to occur in the drops considered 
above, (AF;*/kT + AF,4/kT) has to have a value greater than 67. [This value is derived 
from equation (1); for the drop size and rate of nucleation assumed above r*h/nkT Z e®’. 
From the equation it can be seen that 7*h/nkT D exp{—(AF,/kT + AF;*/kT)}.] If 
therefore AF4/kT is ~42 at 7), spontaneous nucleation will be prevented. 

AF, being taken as not very different from the energy of activation for viscous flow, 
consideration of Barrer’s data (Trans. Faraday Soc., 1943, 39, 48, 59) shows that a high value 
of AF,/kT at low temperatures is not unreasonable, especially for hydrogen-bonded and 
polymerised liquids. Values of AE vise. RT for hydrogen-bonded liquids fall between about 
4 and 15 at temperatures near the m. p.s, and when AE yis.. is large it increases rapidly as 
the temperature is lowered because of increasing structure in the liquid. 

It may well be, of course, that AF’, corresponding to the free energy of activation of the 
transference of a molecule from the liquid to the solid is that for a rotational or reorient- 
ational movement and cannot, as we have hitherto supposed, really be identified with the 
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activation energy for viscous flow. Smyth (e.g., Baker and Smyth, J. Amer. Chem. Soc., 1939, 
61, 2063) has called attention to the reluctance with which liquids crystallise when their 
molecules are roughly pear-shaped (e.g., isoamyl bromide). Here, reorientational move- 
ment may be necessary for crystal growth but not for viscous flow, and the resistance to 
reorientation may increase more rapidly than that to the movement required for flow. 
In this connection we may recall that transitions in solids at which molecules gain orient- 
ational freedom are often co-operative, and we would except that for liquids also, as the 
temperature falls and reorientation becomes more difficult, the associated free energy 
increase rises rapidly. In this way we can understand that with falling temperature 
exp(—AF,4/kT) would decrease so rapidly that, notwithstanding the very rapid increase 
in exp(— AF,*/kT), the nucleation rate never reaches a sufficiently high value for crystal- 
lisation due to homogeneous nucleation to occur. 

It will be remembered that our experiments with dioxan, p-xylene, cyclohexane, and 
hydrogen chloride failed to show that freezing occurred in a narrow temperature range. 
This may have been due to glass formation, and it is interesting that there is evidence that 
cyclohexane can form a glass (cf. Phibbs and Schiff, J. Chem. Phys., 1949, 17, 843); but we 
cannot be sure of this until further experiments have been performed. 


INORGANIC CHEMISTRY LABORATORY, 
SoutH Parks Roap, OxForD. [Received, July 4th, 1952.) 


890. Melting-point Diagrams for Binary Triglyceride Systems. 
By R. KERRIDGE. 


Phase diagrams, constructed by the thaw—melt method, show that each 
of the mixtures, tristearin-tripalmitin, tripalmitin-trilaurin, tristearin 
trilaurin, and tripalmitin—2-oleo-1 : 3-dipalmitin is of the eutectic type with 
partially miscible solid solutions. 


ACCORDING to Bailey (‘‘ The Melting and Solidification of Fats,’’ Intersci. Publ., Inc., 
New York, 1950) the only reliable melting-point data for binary triglyceride mixtures 
are those by Joglekar and Watson (J. Soc. Chem. Ind., 1928, 47, 365T) who determined 
melting and solidification curves for tristearin-tripalmitin. Efremov et al. (Akad. Nauk 
S.S.S.R., 1948, 16, No. 3, 142; Chem. Abs., 1950, 44, 10352) have studied the same system 
by thermal analysis. 

In the present investigation, the initial and final melting points have been determined 
for tristearin-tripalmitin, tripalmitin-trilaurin, tristearin-trilaurin, and_ tripalmitin- 
2-oleo-1 : 3-dipalmitin. The results (Figure) show each system to be of the eutectic type 
with partially miscible solid solutions. The eutectic point is progressively displaced to 
the lower-melting side of the diagram as the difference in melting point of the two pure 
components increases. Indeed the last two systems closely approach the monotectic 
type since the eutectic composition is virtually 100° of the low-melting component. The 
four eutectic points are : 


Eutectic point 





System Composition Temp. 
Tristearin—tripalmitin Tripalmitin 74:5% 63-9° 
Tripalmitin—trilaurin Trilaurin 97% 45-6 
Tristearin—trilaurin Trilaurin 99% 46-0 

Oleodipalmitin 100% 35-0 


In each diagram the solidus curves (broken lines) are rather indefinite, but indicate 
that the high-melting triglyceride dissolves 30—40°%, of the low-melting triglyceride in the 
solid state at the eutectic temperature. By comparison the solubility of tristearin in 
tripalmitin in the solid state is about 10% and of tripalmitin in trilaurin is 1% or less. 
The solubilities of tristearin in trilaurin and of tripalmitin in oleodipalmitin are negligible. 

For the system tristearin-tripalmitin, Joglekar and Watson (loc. cit.) obtained a curve 

130 
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of final melting points similar to that of our Figure, but lying about 0-6° below it on the 
tristearin side of the eutectic point and about 0-3° below it on the tripalmitin side. A 
minimum point at 72% of tripalmitin and 63-6° is in fair agreement with the eutectic point 
shown above at 74-5°% of tripalmitin and 63-9°. Joglekar and Watson’s solidification-point 
curve is roughly parallel to their melting-point curve but lies several degrees below it 
because of supercooling. As pointed out by Bailey (op. cit., pp. 81—82) this does not 
represent a true phase boundary. On the other hand, the initial melting curves in the 
present work mark the first appearance of a liquid phase. 





] ] 


Tristearin 7; ripalmitin Tripalmitin Trilaurin 
[deli | 


| 





T 








* a 








oT 





ea a 











S 
































Trilaurin,% 
20 40 60 80 100 
as i 2-Oleo-1:3- 
Trilaurin Tipalmitin | 


| 








dipalmitin 



































z 


‘ Rene bh 24 
+ 

Trilaurin,7T. 2 -Oleo-1:3-dipalmitin, % 
40 60 ©€©80 700 0 2 4 60 80 70 


Initialm.p. © Final m. p. 











= M 35) ‘ — 






































EXPERIMENTAL 
Preparation of Pure Triglycerides.—Trilaurin, tripalmitin, and tristearin. The pure acids 
were prepared from the pure distilled methyl esters, recrystallised, and converted into the 
triglycerides by glycerol at 180° in the presence of 1% of toluene-p-sulphonic acid (Clarkson and 
Malkin, J., 1934, 666). These were repeatedly recrystallised from absolute alcohol. 
required further recrystallisation from 1 : 1 toluene—alcohol and then from toluene. 
2-Oleo-1 : 3-dipalmitin. Oleic acid was prepared by low-temperature fractional recrystallis- 
ation of the tallow fatty acids (linoleic, ca. 5%; oleic, ca. 40%) from acetone, followed by low- 
pressure fractional distillation (Brown and Shinowara, J. Amer. Chem. Soc., 1937, 59, 6), and 


Tristearin 
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then converted into oleyl chloride by thionyl chloride (Human and Mills, Nature, 1946, 158, 
877). 1-Monopalmitin was prepared by the action of palmityl chloride on 1 : 2-isopropylidene 
glycerol (Averill, Roche, and King, J. Amer. Chem. Soc., 1929, 51, 866), and converted into 
1: 3-dipalmitin by palmityl chloride (Malkin, Shurbagy, and Meara, /., 1937, 1409). 
Finally 1: 3-dipalmitin and oleyl chloride gave 2-oleo-1 : 3-dipalmitin (Jackson, Daubert, 
King, and Longenecker, J. Amer. Chem. Soc., 1944, 66, 289) which was purified by repeated 
recrystallisation from 1 : 1 alcohol—ether. 
The analytical constants of the various acids and glycerides are tabulated. 


I.V. or 

A.V. S.V. I.V. SCN.V. OH.V. 

found found calc. found calc. found calc 
Lauric acid 3: 279-6 280-2 280-3 _- — 
Palmitic acid 32°: 218-7 219-1 219-0 0-0 0-0 _ 
Stearic acid s9-E 196-8 197-2 197-3 - - 
Oleic acid Ay 199-0 199-4 198-8 89-9 89-9 + — 
Trilaurin . 0-0 263-6 263-6 0-0 0-0 0-0 
Tripalmitin bd 0-0 208-6 208-6 0-0 0-0 0-0 
Tristearin 72-6 0-0 188-9 189-0 0-0 0-0 0-0 
1-Monopalmitin - - - 343-0 
1 : 3-Dipalmitin ae 2-€ ~-- ~ = - - - 99-0 
2-Oleo-1 : 3-dipalmitin ... 36- 0-0 201-8 202-1 30-4 30-5 0-0 


* Setting point. ¢f SCN.V., found: 89-4. A.V. acid value (mg. of KOH/g.). S. 
saponification value (mg. of KOH/g.). SCN.V. = thiocyanogen value (g. of iodine/100 g.). I. 
iodine value (g. of iodine/100 g.). OH.V. = hydroxyl value (mg. of KOH /g.). 


Vv 
Ve 


Construction of Phase Diagrams.—The thaw-—melt method (Bowden, ‘‘ The Phase Rule and 
Phase Reactions,’’ Macmillan and Co. Ltd., London, 1938, p. 208) was modified. Mixtures 
(total wt. ca. 0-15 g.), in small stoppered tubes, were melted, mixed, and allowed to solidify by 
storage in a large Dewar flask filled with hot water which cooled very slowly overnight. This 
procedure was intended to avoid the unstable, low-melting, polymorphic forms which are 
produced by rapid cooling and can persist for a long time, particularly in the presence of an 
impurity such as another triglyceride. It was successful, except for tristearin—tripalmitin which 
exhibited double melting if the content of tripalmitin was 50—90%. The last-mentioned 
mixtures melted to a clear liquid at 58—62° and then partly resolidified before becoming clear 
at a higher temperature. This corresponds to the double solidification points observed by 
Joglekar and Watson (loc. cit.) and indicates the presence of unstable forms. Tristearin 
tripalmitin mixtures were therefore remelted and left to solidify overnight in a thermostat at 
60°, yielding then only the stable form. For each system the solidified mixtures wer¢ 
thoroughly powdered and their m. p.s determined as follows. 

A 1-mm. capillary tube containing a small quantity of the mixture was slowly heated in a 
stirred oil-bath. The final m. p. was taken as the temperature at which the turbid liquid finally 
became clear whilst being thoroughly mixed with a nickel-wire stirrer and illuminated by a 
spotlight. The determination was repeated at reduced heating rates with freshly filled 
capillaries until a constant minimum value was obtained. All the final m. p.s, except thos 
shown on the very steep portions of the curves, were reproducible within +0-1°. 

Accurate observation of initial melting in a capillary tube was difficult and was replaced by 
a microscopic method. A thin layer of the powdered mixture, pressed on to a glass disc 4 mm 
in diameter, was carefully observed for first signs of melting whilst being slowly heated in a 
specially designed hot stage between crossed Nicols which gave dark-background illumination 
All the initial m. p.s were sharp and reproducible within +0-1°, except that those forming the 
broken curves were indefinite and gave duplicate determinations differing by 1—2°. 

The thermometer used throughout had been calibrated against an N.P.L. standard. 


The author thanks Mr. R. A. Jamsett for synthesising the pure triglycerides and 
Dr. T. R. White for making the hot stage and giving valuable assistance in the early part of 
the work. He thanks also the Directors of Unilever Limited. 
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891. The Chemistry of Extractives from Hardwoods. Part 1X.* 
Constituents of the Heartwood of Ferreirea spectabilis. 


By F. E. Kine, M. F. Grunpon, and K. G. NEILL. 


Two new phenols, ferreirin, C,,H,,O,, and homoferreirin, C,,H,,04,, 
and an alcohol, ferreol, C;,H;,0 or C3,H,;,0, have been isolated from the 
heartwood of Ferreivea spectabilis. In addition, the timber contains n-penta- 
cosane, C,;H,., 5:7: 4’-trihydroxyflavanone (naringenin), 5: 7-dihydroxy- 
4’-methoxvisoflavone (biochanin- A), and 1 : 8-dihydroxy-3- autigl -9-anthrone 
(chrysophanic acid anthrone). 


Ferreirea spectabilis, a large tree found in central South America, yields a hard dense 
wood with a waxy surface which when freshly cut is brownish-yellow with streaks of darker 
shade. The timber is reported to be highly resistant to decay, and is occasionally imported 
into the United Kingdom under the name sucupira, a description sometimes applied, how- 
ever, to wood from other sources, ¢.g., Bowdichta species. 

A light petroleum extract of the powdered timber deposited crystalline material which 
was resolved by ether into a sparingly soluble bright yellow compound (I), C,;H,,O3, and 
an easily dissolved phenol (II), C,,H,,0,, purified via its acetate. Treatment of the wood 
was continued with boiling ether which removed a phenol (III), C,;H,,0,, but the yields 
of these compounds were insufficient to allow of their detailed examination. 
Approximately 200 kg. of timber were therefore extracted, and we are indebted to Messrs. 
Boots Pure Drug Co., Ltd., Nottingham, and to Messrs. T. and H. Smith, Ltd., Edinburgh 
for this assistance. The evaporated benzene extract from 100 kg. was partly crystalline 
owing to the presence of two further phenols, (IV), C,gH,,0,, and (V), C,gH,,O,, not 
observed during the trial experiments. Phenol (II) was found in solutions remaining from 
the crystallisation of these products, being isolated as before through its diacetate, but 
although indications of the colouring matter (I) were observed, compound (III) obtained 
in the preliminary work by ether-extraction, did not appear to be present. Further 
crystalline material was obtained by concentration of both the petroleum- and benzene- 
soluble residues and this consisted of mixed esters which on hydrolysis afforded a mono- 
hydric alcohol, approximating in composition to the formula Cs95H,,0 or CygH,,0. Finally, 
distillation of the most soluble portion of the extracts gave a hydrocarbon having the 
properties of m-pentacosane. 
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The yellow colouring matter (I), C,;H,,03, was dihydroxylic and formed red solutions 
with aqueous alkalis. It was readily oxidised to a compound, C,;H,)0,, and was reduced 
by zinc dust distillation to 2-methylanthracene. (1) was therefore recognised as | : 8-di- 
hydroxy-3-methyl-9-anthrone, its oxidation product being chrysophanic acid. It is one 
of the principal constituents of commercial Goa and Araroba powders (Jowett and Potter, 
J., 1902, 81, 1575) found in the stem cavities of several Brazilian Andira species, notably 
A. araroba, and it is also present in wood of the S. American genus Tecoma (Freise, Chem. 
Absir., 1938, 32, 4243) and in Tagasayan wood, Cassia siamea (Ilwakawa, Arch. Exp. Path. 
Pharm., 1911, 65, 315). 

Compound (II) is a dihydric phenol and on methylation gives a dimethy] ether identical 
with the trimethyl ether of (IV). (IV) and (II), which have been designated ferreirin and 
homoferreirin respectively, are isoflavanones; their constitutions are discussed in a later 
paper. 

Phenol (III) exhibited the characteristic colour tests of a flavanone. Under mild 
conditions of methylation, an alkali-insoluble dimethyl ether with a marked ferric reaction 
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was formed, thereby indicating the presence of a 5-hydroxyl group. Alkaline hydrolysis 
gave p-hydroxy-benzoic or -cinnamic acid and so led to the recognition of (III) as 
naringenin, 5: 7: 4’-trihydroxyflavanone. Apart from its occurrence in several Prunus 
species as the 7-rhamnoglucoside naringin (see, however, Rabaté, Bull. Soc, Chim. biol., 
1934, 17, 314) and as salipurposide (naringenin 5-D-glucoside) in Salix purpurea, naringenin 
has been found in the bark of Prunus persica (Shinoda and Uyeda, Chem. Zentr., 1929, 100, 
1547) and in the heartwood of the South American tree Nothofagus dombeyi (Pew, Chem. 
Absir., 1948, 42, 8191). 

The usual colour reactions denoted a flavone or isoflavone structure for phenol (V), and 
its behaviour on acetylation and alkylation disclosed two hydroxyl groups, one having 
diminished reactivity owing tochelation. From its oxidation with nitric acid to 4-methoxy- 
3-nitrobenzoic acid and degradation by alkali to 4-methoxybenzy] 2 : 4 : 6-trihydroxypheny] 
ketone and formic acid, (V) was identified as biochanin-A, 5 : 7-dihydroxy-4'-methoxyiso- 
flavone, previously isolated from germinated chana grain by Siddiqui (J. Sct. Ind. Res. 
India, 1945, 4, 68; Bose and Siddiqui, idid., p. 231). 

Differences in the nature of the constituents isolated in the laboratory and the large- 
scale extractions were at first attributed to the substitution of benzene for the solvents used 
in the preliminary experiments, but the extraction of a second 100 kg. of the wood by 
successive treatment with light petroleum and then ether gave further somewhat divergent 
results, which seemed to imply a variation in the wood species under examination. By 
means of the bright red alkali reaction of the anthrone and of the pink colour given by 
naringenin in the presence of magnesium and hydrochloric acid it was possible rapidly to 
ascertain the distribution of these two constituents in the available specimens of wood 
without the necessity of carrying out solvent extractions. An analysis of fourteen boards 
of sucupira by means of these colour tests revealed that they were divisible into two groups, 
one exhibiting strong anthrone and flavanone colours and the other responding only feebly 
to these reactions. When the fourteen samples were examined in the Wood Structure 
Section of the Forest Products Research Laboratory all were identified as the wood of 
F. spectabilis, but whereas the group having a low anthrone (1) and naringenin (III) content 


also gave positive starch tests and showed signs of pin-hole borer attack, thereby indicating 
their probable derivation from the exterior heartwood, the remaining specimens containing 
a high proportion of the constituents (I) and (III) were free from starch and pin-hole borer 
damage and evidently consisted of interior heartwood. These fluctuations in the content 
of at least two highly characterised constituents of the heartwood offer a particularly clear 
example of the well-known variation in distribution and, even, nature of timber extractives 
with respect to the original location of the wood within the stem of the tree. 


EXPERIMENTAL 


Extraction of Constituents of Ferreirea spectabilis Heartwood.—(i) The finely ground timber 
(600 g.) was extracted (Soxhlet) with boiling light petroleum (b. p. 60—80°), and the resulting 
solution kept at 0° for 2 days. The solid deposit was collected and triturated with ether, and 
the insoluble portion recrystallised from light petroleum, giving yellow rhombs of the anthrone 
(I) (yield >0-05%), m. p. 188—194°. From the evaporated ethereal solution a brown semi- 
solid material (0-75 g.) was obtained, which was heated with acetic anhydride and sodium 
acetate on a steam-bath. The product was crystallised from ethanol, and after contact with 
2n-sodium hydroxide at room temperature for 24 hours yielded homoferreirin (II) (0-05%), 
m. p. 165-5—168°. 

The wood was then extracted with boiling ether for several hours and the solution 
concentrated to smal]l bulk. The crystalline solid thus obtained consisted of naringenin (III) 
(00-07%), m. p. 228°. Later, when large-scale experiments had indicated the occurrence in the 
wood of biochanin-A (V), evaporation of the ether-concentrate from which naringenin had been 
separated, and crystallisation of the residue from methanol, gave the crude isoflavone (V) 
(0-1%), m. p. ca. 200°. The presence of ferreirin (IV) was not observed during laboratory 
extraction although it was probably present in the crude homoferreirin; being liquid, triacetyl- 
ferreirin would have been lost in the purification of homoferreirin by recrystallisation of its 
acetate. 


(ii) Treatment of 100 kg. of the powdered wood with boiling benzene yielded 4-3 kg. of a 
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brown syrupy mass containing colourless crystalline material. The latter was isolated by 
mixing the extract with a small volume of benzene, the solid being collected and refluxed with 
chloroform to remove coloured impurities. The resultant product (290 g.) was crystallised from 
methanol, thereby yielding biochanin-A (V) (110 g.) in needles, m. p. 215—216°. From the 
methanol filtrate ferreirin (IV) was precipitated with water, and when crystallised from ethyl] 
acetate-light petroleum the compound (93 g.) had m. p. 210—212°. Homoferreirin was 
obtained from the ethyl acetate—petroleum filtrate by acetylation of its contents and hydrolysis 
of the recrystallised acetate. The crystalline anthrone (I) was not encountered, but aqueous 
sodium hydroxide washings of the crude extracts exhibited the characteristic red colour of its 
alkali salts. Naringenin, which is sparingly soluble in benzene, did not appear to be present. 

(iii) A further quantity of the wood (100 kg.), treated with boiling light petroleum and then 
with boiling ether, gave respectively 1-2 and 1-3 kg. of extractives. From the former the 
anthrone (I) was again isolated, but the phenols (II) and (IV) were not obtained from this 
fraction. 

The ether-soluble product (1-3 kg.) was dissolved in boiling methanol from which biochanin-A 
(100 g.) crystallised during 24 hours at 0—2°. The filtrate was evaporated and from the dark 
oily residue a mixture of ferreirin and homoferreirin was obtained by repeated extraction with 
benzene. Crystallisation of the mixture from ethyl acetate-light petroleum yielded ferreirin 
(IV), (II) being obtained from the mother-liquors by purification via the diacetate. The 
benzene-insoluble residue consisting of crude naringenin was best purified by trituration with 
cold ether and crystallisation from aqueous methanol (charcoal). 

1 : 8-Dihydroxy-3-methyl-9-anthrone (1).—Recrystallised from chloroform or ethyl acetate 
the anthrone (I) (yield from centre heartwo« nl, 047%) formed bright yellow, square, glistening 
plates, m. p. 208—209° (Naylor and Gardner, J. Amer. Chem. Soc., 1931, 58, 4114, give m. p. 
204°) (Found: C, 74-8; H, 51%; M, 236. Calc. for C,,H,,0,: C, 75-0; H, 5-0%; M, 240). 
For the molecular-weight determination we are indebted to Dr. S. C. Wallwork who found unit 
cell, 945-4. The triacetate had m. p. 236—237° (Found: C, 68-5; H. 4-7. Calc. for C,,H,,0, : 
C, 68-8; H, 4:95%), and the dimethyl ether 142-5—143-5° (Found: C, 76-3; H, 6-3; OMe, 23-5. 
C,,H,,O, requires C, 76-1; H, 6-0; 20Me, 23-1%). 

The orange sublimate from zinc dust distillation of the anthrone was purified in benzene 
solution by chromatography on alumina, and the eluate resublimed in vacuo to give 2-methyl- 
anthracene, m. p. 203—204° (Found: C, 93-2; H, 6-4. Calc. for C,;H,,: C, 93-7; H, 6:3%). 
Oxidation of the anthrone (1 g.) with excess of concentrated nitric acid gave 1] : 8-dihydroxy-3- 
methyl-2 : 4: 5: 7-tetranitroanthraquinone (1-05 g.), long orange needles (from acetic acid), 
decomp. 300° (Found: C, 41:9; H, 1-9; N, 12-9. Calc. for C;;H,O,,N,: C, 41-5; H, 1-4; 
N, 12-9%). 

1 : 8-Dihydroxy-3-methylanthraquinone (Chrysophanic Acid).—An attempted ozonolysis of 
the anthrone (1 g.) in chloroform gave, after washing of the solution with aqueous sodium 
carbonate and evaporation, chrysophanic acid (0-3 g.), golden plates (from benzene-light 
petroleum), m. p. 194—195° (Found: C, 70-9; H, 4-0. Calc. for C,,H,,O,: C, 70-8; H, 40%), 
identical with the alkaline hydrogen peroxide oxidation product. A monoacetate, prepared 
with acetic anhydride—perchloric acid and crystallising in golden needles from acetone—methanol, 
had m. p. 188—190° and was thus different from the acetate, m. p. 155°, described by Hesse 
(Annalen, 1899, 309, 32) (Found: C, 69-2; H, 3-8. C,,H,,O,; requires C, 68-9; H, 41%). It 
gave a brown ferric reaction and a red solution in aqueous sodium hydroxide. 

Ferveirin (IV) and Homoferreivin (I1).—Ferreirin crystallised from aqueous methanol or 
ethyl acetate-light petroleum in prisms, m. p. 210—212° (Found: C, 63-7; H, 4-8; OMe, 10-5. 
C,.H,,0, requires C, 63-6; H, 4:7; 10Me, 10-3%). Its solution in alkalis is yellow, in nitric 
acid red, and its ferric reaction brown-violet. When ferreirin was reduced with sodium amalgam 
the subsequently acidified solution became pink. Homoferreiyin (maximum yield 0-05%) 
separated from benzene-light petroleum or aqueous methanol in rectangular plates, m. p. 168— 
169° (Found: C, 64:7; H, 5-3; OMe, 19-2. C,,H,,O, requires C, 64:55; H, 5-1; 20Me, 
19-4%). Its colour reactions resembled those of ferreirin. With acetic anhydride-sodium 
acetate diacetvlhomoferreirin was obtained, which crystallised from ethanol in long needles, m. p. 
132—133° (Found: C, 63-0; H, 4:7; OMe, 14-6. C,,H,,O, requires C, 63-0; H, 5-0; 20Me, 
15°5%). 

5:7: 4’-Trihydroxyflavanone (Naringenin) (III).—The product (III) (yield from centre 
heartwood, 1%) gave an intense brown-violet ferric reaction, and cherry-red solutions on 
reduction both with magnesium in hydrochloric acid and with sodium amalgam when followed 
by acidification. It crystallised from aqueous methanol in long glistening needles, m. p. 250— 
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251° (Asahina and Inubuse, Ber., 1928, 61, 1514, found m. p. 251°) (Found: C, 66-3; H, 4-6. 
Calc. for C,;H,,0,: C, 66-2; H, 4:4%). Triacetylnaringenin, prepared by the action of acetic 
anhydride and 2 drops of 60% perchloric acid at room temperature, crystallised from ethyl 
acetate-light petroleum in needles, m. p. 91—92°. Its analyses were satisfactory only after drying 
at 100° (Found: C, 63-0; H, 4-7; OAc, 35-4. Calc. for C,,H,,0,: C, 63:3; H, 4-55; 30Ac, 
32-4%). Asahina and Inubuse (loc. cit.) give, however, m. p. 53—55°. 7: 4’-Dimethyl- 
naringenin, prepared with diazomethane, formed needles (from aqueous methanol), m. p. 118— 
119° (Found: C, 67-6; H, 5-5; OMe, 20-1. Calc. for C,,H,,0,;: C, 68-0; H, 5-4; 20Me, 
20:7%). Asahina and Inubuse record m. p. 115—116°. Naringenin oxime consisted of needles, 
m. p. 229—230° (lit., 231—232°) (Found: C, 59-5; H, 5-0; N, 4-9. Calc. for C,,H,,0,;N,H,O: 
C, 59-0; H, 4-95; N, 5-6%). 

Alkali Hydrolysis of Naringenin.—(i) Hydrolysis of naringenin with 50% aqueous potassium 
hydroxide at 160° gave p-hydroxycinnamic acid, m. p. 215° (decomp.) (Found: C, 65-6; H, 4-8. 
Calc. for C,H,O,: C, 65-85; H, 49%). The acetate, prisms (from ethyl acetate-light 
petroleum), had m. p. 205—207° (Found: C, 64-2; H, 4-8. Calc. for C,,H,,O,: C, 64-1; H, 
4-9%). 

(ii) Naringenin (2 g.) was slowly added to a melt of potassium hydroxide (10 g.) and water 

(2 g.) at 220°. After 10 minutes the mixture was cooled and dissolved in water, and the solution 
acidified. The acid extracted by ether crystallised from water in prisms (0-5 g.), m. p. 213— 
214° alone or mixed with p-hydroxybenzoic acid (Found: C, 60-8; H, 42. Calc. for C,H,O,: 
C, 60-9; H, 4:4%). Its acetate had m. p. and mixed m. p. 188—189°. 
? 5: 7-Dihydroxy-4’-methoxyisoflavone (Biochanin-A).—The phenol (V) crystallised from 
methanol or ethyl acetate-light petroleum in needles, m. p. 2]5—216°. Biochanin-A has 
m. p. 215° (Bose and Siddiqui, Joc. cit.) (Found: C, 67-7; H, 4:4; OMe, 11-4. Calc. for 
C,.H,,0;: C, 67-6; H, 4:3; lOMe, 10-9%). Its ferric reaction was intense brown-violet. 
Acidification of a solution reduced by sodium amalgam gave a pink colour. 

Treatment of (V) with sodium acetate and acetic anhydride at 100° gave 5 : 7-diacetoxy-4’- 
methoxyisoflavone crystallising from methanol in needles, m. p. 188—189° (lit., 190°) (Found : 
C, 65-2; H, 4:3. Calc. for Cy.H,,0O,: C, 65-2; H, 44%). By 5 minutes’ heating at 100° 
7-acetoxy-5-hydroxy-4’-methoxyisoflavone was obtained, which crystallised from methanol in 
rectangular plates, m. p. 155—156° (Found: C, 66-1; H, 4:3; OMe, 91. C,,H,,O, requires 
C, 66-25; H, 4:3; OMe, 9-5%). The intense brown-violet ferric reaction indicated the free 
5-hydroxyl group. 

When 3 : 5-dinitrobenzoy]l chloride was added to biochanin-A in pyridine, the 7-(3 : 5-dinitro- 
benzoyl) -5-hydroxy-4’-methoxyisoflavone separated, and crystallised from dioxan in bright 
yellow prisms, m. p. 265—266° (Found: C, 58-1; H, 3-2; N, 6-2. C,3H,,O,)N, requires C, 
57:7; H, 2-9; N, 5-9%). With diazomethane, (V) gave 7 : 4’-dimethoxy-5-hydroxyisoflavone, 
m. p. 141—142° (Found: C, 68-3; H, 4-6; OMe, 20-4. Calc. for C,,H,,0,: C, 68-5; H, 4-7; 
20Me, 20-8%), and on prolonged treatment with methyl sulphate and potassium carbonate in 
acetone the trimethoxyisoflavone, m. p. 162—163° (Found: C, 69-6; H, 5-5; OMe, 30-2. Calc. 
for C,,H,,0,;: C, 69-2; H, 5-2; 30Me, 27-3%). 

When biochanin-A (1 g.), or its dimethyl ether, was heated with concentrated nitric acid 
(16 c.c.) on a steam-bath for $ hour and the solution poured into water, 4-methoxy-3-nitro- 
benzoic acid separated in needles, m. p. and mixed m. p. 192—193°. 

5 : 7-Diethoxy-4'-methoxyisoflavone.—Biochanin-A (5 g.), ethyl sulphate (10 c.c.), and excess 
potassium carbonate in acetone were heated under reflux for 24 hours. From the filtered and 
evaporated solution the diethyl ether was obtained, which crystallised from benzene-light 
petroleum in stout prisms, m. p. 130—131° (Found: C, 70-4; H, 6-2. C, 9H,.O, requires 
C, 70:6; H, 5-9%). 

Alkali Hydrolysis of Biochanin-A .—Hydrolysis of (V) (1 g.) with potassium hydroxide (5-5 g.) 
in 50% aqueous alcohol (50 c.c.) at 100° for 15 minutes gave 4-methoxybenzyl 2: 4: 6-tri- 
hydroxypheny! ketone which when crystallised from aqueous methanol had m. p. 195° (Found : 
C, 62-0; H, 5-3. Calc. for C,;;H,,0;,H,O: C, 61-6; H, 5-5%). Acidification of the aqueous 
residue to Congo-red and distillation afforded a solution which contained formic acid. Hydrolysis 
with 5% aqueous-alcoholic potassium hydroxide for 10 hours gave p-methoxyphenylacetic acid, 
m. p. and mixed m. p. 85—86° (Found: C, 65-0; H, 6-1. Calc. for C,H,,O,: C, 65-05; H, 
6-1%). 

Ferreol.—The evaporated light petroleum extract from which the anthrone (I) had been 
separated gradually deposited crystalline solid (yield 0-05%), m. p. 65—70°. The neutral 
material obtained after hydrolysis of the crude product with alcoholic potassium hydroxide 
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(300 c.c.; 10%) was then fractionated in light petroleum solution on an alumina column 
(60 x 2cm.). After development with light petroleum (2 1.), elution was carried out with 
benzene and then ether. Earlier fractions were not homogeneous (m. p.s 128° to 132°) but later 
portions crystallised from acetone—methanol, giving ferreol in plates, m. p. 178—179°, [a|# + 11° 
(Found, after drying at 150°: C, 83-1; H, 12-1%; M (Rast), 417. C,9H,;,O requires C, 84-4; 
H, 11-8%; M,427. C3 9H;,0 requires C, 84-0; H, 12-2%]. The triterpene gave a yellow colour 
with tetranitromethane. 

The acetate crystallised from acetone—methanol in needles, m. p. 138—139°, [a]?! + 26° 
(Found: C, 82-0, 82-4; H, 11-6, 11-3. C,,H,;,0, requires C, 82-0; H, 11-2. C,,H,,O, requires 
C, 81:6; H, 11-6%). The benzoate, needles from acetone—methanol, had m. p. 174”, [a]?# +.53° 
(Found: C, 83-7; H, 105. C,3,H,;,O, requires C, 83-7; H, 10-25. C,,H,,O, requires C, 83-4; 
H, 10-6%), and the 3: 5-dinitrobenzoate, glistening plates from acetone—methanol, m. p. 226— 
227°, («]?? +27-5° (Found: C, 71-1; H, 8-5; N, 4-5. C,,H;,0,N, requires C, 71-6; H, 8-4; N, 
4-5. C 3,H,,0,N, requires C, 71-3; H, 8-8; N, 45%). 

n-Pentacosane.—A portion of the light petroleum-soluble material from the large-scale 
benzene extraction of sucupira was distilled (bath-temp. 150—160°/0-05 mm.), the distillate 
forming plates, m. p. 53°, from acetone (Heilbron and Bunbury, ‘Dictionary of Organic 
Compounds,”’ London 1943, gives for m-pentacosane m. p.s 53-3—54°, 54°, 55-5—56°) [Found: 
C, 85:3; H, 146%; M (Rast), 348. Calc. for C,,H,;,: C, 85-2; H, 148%; M, 352]. The 
hydrocarbon was unattacked in the Kuhn—R6th C-methy] determination. 
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892. Hydrogen Bonding and Structural Problems in the Amino- 
acridines and -quinolines. Infra-red Studies. 


By L. N. SHort. 


The N-H bond stretching frequencies of the five isomeric monoamino- 
acridines, 2-, 3-, 4-, 6-, 7-, and 8-aminoquinoline, the monoaminoanthracenes, 
naphthylamines, and aniline, in dilute solution, have been measured. 

The existence of intramolecular hydrogen bonding in l-aminoacridine 
and 8-aminoquinoline is demonstrated. All the compounds are shown to 
exist in the amino-form under the conditions of investigation. The variation 
in N-H bond stretching frequencies and the corresponding force constants 
are explained in terms of electromeric interaction between the amino-group 
and the ring nitrogen atom. 

It is shown that electric dipole moments provide an unreliable indication 
of electromeric displacements in these heterocyclic amines. 


ALBERT and GOLDACRE (J., 1943, 454) have suggested that the physical and chemical 
properties of l-aminoacridine may be explained in terms of hydrogen-bond formation, 
either intramolecular as in (I) or intermolecular to form dimers as in (II). The evidence 
in favour of this is stated in detail by Albert (‘‘ The Acridines,’’ Edward Arnold, 1951, 
pp. 154, 157) but no conclusive proof is given. Little is known regarding the conditions 
of the formation of N-H-::N bonds. By analogy with O-H---O bonds it is expected 
that the N-N distance should be about 2-7 A and the N-H-N angle about 180° (Pauling, 
‘‘ The Nature of the Chemical Bond,’’ Cornell Univ. Press, 1940, p. 327). Buswell, Downing, 
and Rodebush (J. Amer. Chem. Soc., 1940, 62, 2759) have shown that, for intermolecular 
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hydrogen bonds between nitrogen atoms, there should be a considerable difference in the 
basicity of the bonded nitrogen atoms. For example, diphenylamine forms N-H-+:N 
bonds with the relatively basic nitrogen atom of pyridine, bond formation being revealed 
by lowering of the N-H bond stretching frequency of diphenylamine from 3460 cm.~! for 
solution in carbon tetrachloride to 3300 cm.~! for solution in pyridine. 
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In l-aminoacridine and the analogous 8-aminoquinoline the N-N distance is about 
2-8 A but the N-H-N angle is approximately 112°, and intramolecular hydrogen-bond 
formation would involve a five-membered ring rather than the more usual six-membered 
ring. The formation of a strong hydrogen bond under these conditions would not be 
expected although association through intermolecular bonds should be possible. That 
the ring nitrogen atom is more basic than the amino-nitrogen atom is indicated by the fact 
that in acid solution it is the former which accepts the first proton (Craig and Short, /., 
1945, 419; Turnbull, J., 1945, 441; Longuet-Higgins, J]. Chem. Phys., 1950, 18, 275). 

The chemical properties of 5-aminoacridine are such as to suggest that it readily 
undergoes tautomerism. Karyakin, Grigorovskii, and Yaroslavskii (Doklady Akad. 
Nauk. S.S.S.R., 1949, 67, 679) have concluded, on the basis of ultra-violet spectra in 
alcoholic solution and infra-red spectra (in the 1—2y region) of a number of acridine 
derivatives and binary mixtures of them in the solid state, that 5-aminoacridine is more 
correctly formulated as the corresponding imine (III). The whole question of such 
tautomerism in N-heterocyclic amines has been discussed by Angyal and Angyal (/., 
1952, 1461) who concluded that it occurs to only a slight extent in the cases so far 
investigated. Should any of the compounds studied in the present investigation exist 
in the imino-form this should be revealed by the N-H bond stretching frequencies. 
Instead of the pair of bands at the frequencies characteristic of the amino-group (as shown 
by the compounds for which tautomerism is impossible, such as 3-aminoacridine, 3-amino- 
quinoline, and the carbocyclic amines) absorption should occur characteristic of the 
secondary amine and imine N-H groups. 

In attempting to find an explanation of the wide variation in basic strength of the 
N-heterocyclic amines quantum-mechanical methods have been applied by Longuet- 
Higgins (J. Chem. Phys., 1950, 18, 275) and by Daudel and Chalvet (J. Chim. phys., 1949, 
46, 332). These authors have shown that the electron density on the ring nitrogen atom 
depends on the position of the amino-group, which fact indicates the variation in electro- 
meric interaction. It is to be expected that this should lead to variation in the N-H 
bond stretching force constants since any change in the character of the C-N bond involves 
a change in the N-H bonds from the #* type characteristic of aliphatic amines to hybrid 
types involving a degree of s character. It has been shown by Sutherland and Dennison 
(Proc. Roy. Soc., 1935, A, 148, 250) that the force constants of the C-H links increase as 
the proportion of s to # character in the bond orbitals of the carbon atoms increases, and 
this should also apply to N-H bonds. The N-H bond stretching force constants of the 


compounds under investigation might be expected to reveal the presence of this electro- 
meric effect. 


EXPERIMENTAL AND RESULTS 


The spectra of dilute solutions (0-2m or less) of the isomeric monoaminoacridines and mono- 
aminoquinolines were measured in the region of the N-H bond stretching frequencies, carbon 
tetrachloride, chloroform, dioxan, and pyridine being used as solvents where possible. For 
reference the spectra of the monoaminoanthracenes, the naphthylamines, and aniline were also 
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measured, carbon tetrachloride or chloroform being used as solvent. A Perkin-Elmer Spectro- 
meter (Model 12C) was used with a lithium fluoride prism. 

1-, 2-, 3-, and 4-Aminoacridine, 4-, 6-, 7-, and 8-aminoquinoline, and 1-, 2-, and 9-amino- 
anthracene were supplied by Professor A. Albert of the Australian National University. 2- 
and 3-aminoquinoline were supplied by Dr. C. Culvenor of the Dyson Perrins Laboratory, 
Oxford. The remaining compounds were commercial samples. All materials were recrystallized 
and then had the published melting points. The solvents were dried and distilled. 

The N-H bond stretching frequencies of the compounds studied are shown in Tables 1 and 2; 


TABLE l. 
Vs Va Vs Ya Vs Va Vs Va 
Compound in CCl, in CHC], in dioxan in pyridine 

1-Aminoacridine 3387 3497 3390 3494 3360 3472 3449 
2-Aminoacridine 3406 3494 3411 3502 3243 3361 3195 3337 
3-Aminoacridine 3400 3494 3241 3367 3206 3337 
4-Aminoacridine 3394 3474 3399 3477 3260 3363 218 3351 
5-Aminoacridine -- 3435 3525 3270 3377 3206 3366 
2-Aminoquinoline - - 3413 3517 - - —_ 
3-Aminoquinoline , . - 3402 3472 — - 2 3333 
4-Aminoquinoline ............ 3425 3513 - - 320% 3350 
6-Aminoquinoline : 3402 3488 — - 2 3338 
7-Aminoquinoline - 3407 3496 - - 3337 
8-Aminoquinoline — 3389 3493 - 3313 3452 


*2-Aminopyridine . 3411 3509 a - — . _ 

*3-Aminopyridine 3396 3482 — cad 

*4-Aminopyridine 3415 3508 = —- - - aon 
* From Goulden, J., 1952, 2939. 


TABLE 2. 
Vs Va Vs Va Vs Va 
Compound in CCl, in CHCl, Compound in CCl, 
1-Aminoanthracene 3394 3472 a-Naphthylamine 3396 3476 


2-Aminoanthracene 3396 3484 3397 3485 B-Naphthylamine 3485 


9-Aminoanthracene 3408 3482 Aniline 33% 3480 
TABLE 3. 
N-H force constant x 105, dyne/cm., Extra electron density 
for solution in on ring nitrogen 


Compound j SHC], Pyridine § 
1-Aminoacridine 56 56 6-32 
2-Aminoacridine , 5S 62 5-92 
3-Aminoacridine ; 3-5 5-93 
4-Aminoacridine aa 555 -98 0-030 
5-Aminoacridine i 5-98 0-078 


2-Aminoquinoline 36: - 0-068 
3-Aminoquinoline - 55 5-92 0 

4-Aminoquinoline 567 5-95 0-060 0-200 
6-Aminoquinoline 5 5-94 0 0 
7-Aminoquinoline nee. . 5-93 0-037 0-059 
8-Aminoquinoline i! “B34 0 0 


1-Aminoanthracene 
2-Aminoanthracene 
9-Aminoanthracene 


a~Naphthylamine 
3-Naphthylamine 
\niline 55 - 
*2-Aminopyridine ............ +65 0-064 
*3-Aminopyridine ; -5é 0 
*4-Aminopyridine 5-6: - — 0-064 
* Calculated from frequencies reported by Goulden (/., 1952, 2939). 
+ From Daudel and Chalvet (J. Chim. phys., 1949, 46, 332). 
¢{ From Longuet-Higgins (J. Chem. Phys., 1950, 18, 275). 
§ These force constants will be valid only if two equivalent N-H’*:N bonds are formed by 
each amino-group. 
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Table 1 also includes some figures for the monoaminopyridines determined by Goulden (/., 
1952, 2939). In Table 3 are given the N-H bond stretching force constants calculated by 
using Linnett’s formule (Trans. Faraday Soc., 1945, 41, 223) : 

vs2 = k(R, + 2R, cos*6) /4n%e? va? = A(R, + 2R, sin*@) /4n%c* 
(where v, and vy, = the symmetric and the asymmetric N—H stretching frequencies, respectively, 
incm.+; k = N-H bond stretching force constant; 1/R, = mass of hydrogen atom; 1/R, = 
mass of nitrogen atom; 20 = H-N-H angle; and ec = velocity of light). 

In calculating the force constant from the observed frequencies 6 is eliminated from the 
formule. The formule are only valid when the two N-H bonds of the amine group are 
equivalent. The uncertainty in the measured frequencies should not produce an error greater 
than 0-02 x 10° dyne/cm. in the calculated force constants. 


DISCUSSION 

The N-H bond stretching frequencies of the carbocyclic amines, given in Table 2, show 
very good agreement, the corresponding force constant being 6-55(+- 0-02) x 10° dyne 
cm.!. The presence of a nitrogen atom in one of the rings leads to significant variation 
in the frequencies and force constants, but in no case is the change produced sufficient 
to suggest that tautomerism has occurred. Goulden (loc. cit.) reported the N-H 
bond stretching frequencies of 2-methylaminopyridine (3450 cm.~1) and 1 : 2-dihydro-2- 
imino-l-methylpyridine (3323 cm.~!) in carbon tetrachloride solution, and these figures 
indicate the regions in which absorption should occur, corresponding to secondary amine 
and imine N-H bond stretching vibrations, respectively, if any of the compounds under- 
goes tautomerism. These results support the conclusion reached from a comparison of 
the ultra-violet absorption spectra of 5-aminoacridine and 9-aminoanthracene (Craig 
and Short, J., 1945, 419). The close resemblance between the spectra of these two com- 
pounds indicates that 5-aminoacridine exists in the amino-form unless 9-aminoanthracene 
itself undergoes tautomerism. That this is not so (at least in chloroform solution) is shown 
by the infra-red results in Table 2. Consideration of the ultra-violet and infra-red spectra 
leads to the conclusion that the equilibrium between the two tautomers strongly favours 
the amino-form, there being no detectable absorption corresponding to the imino-form. 
However, this does not preclude the possibility that in other solvents the imino-form 
might be favoured. 

The two compounds for which intramolecular hydrogen bonding has been suggested, 
viz., l-aminoacridine and 8-aminoquinoline, give N-H bond stretching frequencies in 
chloroform solution which are only slightly lower than those of the remaining isomerides. 
The frequencies for l-aminoacridine were found to be independent of concentration over 
the range 0-008—0-2m, indicating the absence of intermolecular association, as in (II). 
The considerable lowering of frequency usually associated with hydrogen-bond formation 
does not occur. It must be remembered, however, that the effect on the spectrum of the 
formation of a single hydrogen bond by an amino-group, as in (I), is not known. It may 
well be that a bond of significant strength can be formed which will have little effect on 
the N-H bond stretching frequencies particularly when the N-H-N angle is closer to 
90° than to 180°. 

In dioxan and pyridine solution the N-H bond stretching frequencies were much 
lower than in carbon tetrachloride or chloroform solution, the lowering being due to 
association with the solvent through the formation of hydrogen bonds of the type N-H---O 
and N-H-::N, respectively. This formation of N-H---O bonds with the oxygen of 
dioxan is contrary to the suggestion of Buswell, Downing, and Rodebush (J. Amer. Chem. 
Soc., 1940, 62, 2759) that such bonds are only formed with semipolar oxygen atoms. In 
general the lowering in pyridine is about 150 cm.~!, but for l-aminoacridine and 8-amino- 
quinoline it is only about 50 cm."!._ This is what would be expected if the amino-groups of 
these compounds are intramolecularly bonded, in which case the observed lowering would 
be due to the formation of a single hydrogen bond to a solvent molecule as in (IV). 

A similar case of intramolecular hydrogen bonding has been reported by Hathway 
and Flett (Trans. Faraday Soc., 1949, 45, 818) as occurring in l-amino-2-nitro- and 2- 
amino-l-nitro-naphthalene. It is noteworthy that the hydrogen bonding is not revealed 
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by any marked lowering of the N-H bond stretching frequencies although it is of sufficient 
strength to produce very significant changes in the properties of the compounds. 

The results given in Table 3 show that the N-H bond stretching force constants for 
solutions in non-associating solvents are approximately parallel to the calculated values 
of the extra electron density on the ring nitrogen atom. Although the different methods 
employed yield numerically different results the authors agree on the order of the com- 
pounds with respect to electron density on the ring nitrogen atom, and a high value is 
associated with a high force constant. It seems reasonable to conclude that the variation 
in the N—H bond ‘stretching force constants within the several series of isomerides is due 
to differences in the degree of electromeric interaction between the amino-group and the 
ring nitrogen atom. The force constant of 4-aminoacridine is lower than expected but 
as the corresponding quinoline derivative was not available it cannot be stated whether 
the low value is characteristic of this position of substitution. 

Leis and Curran (J. Amer. Chem. Soc., 1945, 67, 79) pointed out that electromeric 
interaction between the two nitrogen atoms in N-heteroaromatic amines should be revealed 
by electric dipole-moment measurements. An estimate of the moment to be expected 
in the absence of such interaction can be obtained by the vector addition of the moments 
of the corresponding carbocyclic amine and the heterocyclic base, and the amount by 
which the observed moment exceeds this estimate is an indication of the extent to which 
dipolar forms contribute to the resonance hybrid. Assuming that the dipole-moment 
vector of aniline lies in the direction of the C-N bond, and using the moments of aniline 
and pyridine determined in dioxan solution, they estimated that the dipole moment of 
4-aminopyridine should be 4:12 p. The difference between this figure and the measured 
moment (4:36 D) is taken as indicating a considerable contribution of the dipolar form 
(V) to the structure of this compound. This procedure is open to two objections. First, 
the moments used were determined in dioxan solution and, as shown by Kumler and 
Halverstadt (J. Amer. Chem. Soc., 1941, 63, 2182), this solvent has a marked effect on 
the dipole moments of certain amines. The figures given in Table 4 show that while this 
effect is large (0-3—0-4 D) for the amines investigated it is negligible in the case of pyridine. 
As has been shown above, the amines form hydrogen bonds with dioxan and this fact may 
provide the explanation of the dipole-moment results. If instead of the figures for the 
dipole moments determined in dioxan solution those for benzene solutions are used, the 
estimated moment of 4-aminopyridine becomes 3-74 D compared with the actual value 
of 3-79 b. 

TABLE 4. 

Compound pw, in dioxan = _p, in benzene Compound #, in dioxan = _p, in benzene 
Pyridine 2-22 3 2-20 1 Diphenylylamine 2-07 2 1-748 
Aniline 1-90 2 1-548 p-Nitroaniline ... 6-68 * 6-325 
4-Aminoquinoline 4-38 ° 3-977 4-Aminopyridine 4-36! 3-79 ® 

1 Leis and Curran, ]. Amer. Chem. Soc., 1945, 67,79. *® Kumler and Halverstadt, J]. Amer. Chem. 
Soc., 1941, 68, 2182. * Cowley and Partington, /., 1938, 1598.  Kumler and Porter, J. Amer. 
Chem. Soc., 1934, 56, 2549. 5 Le Févre and Le Févre, /., 1936, 1130. ® Angyal and Angyal, /., 
1952, 1461. 7 Edgerley, personal communication. *® Goethals, Rec. Trav. chim., 1935, 54, 299. 


The second objection relates to the direction assumed for the aniline dipole-moment 
vector. Cowley and Partington (/., 1938, 1598) suggested that in aniline the dipole- 
moment vector makes an angle of about 70° with the plane of the benzene ring. This 
being assumed, the calculated value for 4-aminopyridine becomes 3-09 b and the difference 
between the measured and calculated values is increased to 0-7 p. The significance of 
these results must be questioned, however, since the same assumptions give unreasonable 
values for 2-aminopyridine (calculated, 2-46 D; measured, 2-17 D) and 3-aminopyridine 
{calculated, 2:89 D; measured, 3-19 D (Goethals, Rec. Trav. chim., 1935, 54, 299)]. 

Little reliance can therefore be placed on the results obtained for 5-aminoacridine 
although there is a large difference between the calculated moment obtained by the addition 
of the aniline moment (1-54 D) and that of acridine [1-95 D, in benzene solution (Bergmann, 
Engel, and Meyer, Ber., 1932, 65, B, 446)] and the actual moment [4-14 b (Edgerley, 
personal communication]. 
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893. Allylbenzene Compounds. Part III.* Pyrolysis of Methyl 
2-Allyloxy-3 : 4-dimethoxybenzoate. 
By M. MicHagEL, D. E. Wuirte, and M. C. Woops. 


Pyrolysis of methyl 2-allyloxy-3 : 4-dimethoxybenzoate yields methyl 
5-allyl-2-hydroxy-3 : 4-dimethoxybenzoate, the structure of which is 
demonstrated by conversion by standard methods into 4: 5: 6-trimethoxy- 
isophthalic acid. 


In view of the formation of 1-allyl-3 : 4-dihydroxy-5-methoxybenzene by the pyrolysis 
of 1-allyloxy-2-hydroxy-3-methoxybenzene (Trikojus and White, J., 1949, 436) in contrast 
to the normal o-migration of the allyl group from 1-allyloxy-2 : 3-dimethoxybenzene and 
]-allyloxy-2-ethoxy-3-methoxybenzene, it seemed of interest to examine the pyrolysis of 
methyl 2-allyloxy-3 : 4-dimethoxybenzoate in which o-migration of the allyl group is 
prevented by the carbomethoxy-group. 

The product of the pyrolysis has been identified as that of a f-migration of the allyl 
group, by conversion into 5-allyl-2 : 3: 4-trimethoxybenzoic acid with methyl sulphate 
and alkali in acetone, followed by rearrangement with alcoholic potassium hydroxide to 
2:3: 4-trimethoxy-5-propenylbenzoic acid. The latter, on oxidation with permanganate, 
formed 4: 5: 6-trimethoxyisophthalic acid in good yield, demonstrating the correctness 
of the structures mentioned above. 


EXPERIMENTAL 
M. p.s are corrected. Analyses are by Drs. Weiler and Strauss, Oxford. 

Methyl 2-Hydroxy-3 : 4-dimethoxybenzoate.—Best yields (cf. Beilstein, 4th edn., 10, 465) 
were obtained by treatment of 2-hydroxy-3 : 4-dimethoxybenzoic acid (Baker and Savage, 
J., 1938, 1602) (28 g.) in ether (280 ml.) with excess of ice-cold ethereal diazomethane, until 
there was no further evolution of nitrogen. On evaporation, methyl 2-hydroxy-3 : 4-dimethoxy- 
benzoate remained and formed colourless needles, m. p. 76—77°, from alcohol (25-1 g., 83%). 
Esterification with methanol and sulphuric acid gives somewhat smaller yields (ca. 70%). 

Methyl  2-Allyloxy-3 : 4-dimethoxybenzoate.—Methyl 2-hydroxy-3 : 4-dimethoxybenzoate 
(25-2 g.), allyl bromide (20 ml.), potassium carbonate (powdered, anhydrous; 34-6 g.), and 
acetone (100 ml.) were refluxed for 8 hours, cooled, diluted with water, and extracted with 
ether. The extract was washed with 10% sodium hydroxide solution and with water, dried 
(Na,SO,), and distilled. Methyl 2-allyloxy-3 : 4-dimethoxybenzoate was obtained as a pale yellow 
oil, b. p. 111—113°/0-05 mm. (27-4 g., 91%) (Found: C, 61-9; H, 6-5. C,,H,,O, requires 
C, 61-9; H, 64%). 

Pyrolysis of Methyl 2-Allyloxy-3 : 4-dimethoxybenzoate.—Methyl 2-allyloxy-3 : 4-dimethoxy- 
benzoate (26 g.) was heated in a bath to 180° (in about 40 minutes). The temperature in the 
liquid then rose to 12° above that of the bath (bath at 203°). After 2 hours’ heating the tem- 
peratures of liquid and bath remained equal at 230°, and after cooling the product was dis- 
solved in ether and extracted with sodium hydroxide solution. Acidification of this extract 
yielded methyl 5-allyl-2-hydroxy-3 : 4-dimethoxybenzoate (isolated with ether), b. p. 129—133°/0-07 
mm. (15-2 g.), as a colourless oil (Found: C, 61-9; H, 6-5. (C,,H,,0,; requires C, 61-9; H, 
6-4%). 

From the smaller, high-boiling fraction (b. p. 136—143°/0-07 mm.) 5-allyl-2-hydroxy-3 : 4- 
dimethoxybenzoic acid separated (5-1 g.), and formed clusters of colourless needles, m. p. 91°, 
from aqueous acetic acid (Found: C, 60-5; H, 5-85. C,,H,,O; requires C, 60-5; H, 5-9%). 
The same acid was obtained by saponification of the methyl] ester with aqueous sodium hydroxide. 

* Part II, J., 1950, 2810. 
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It was not esterified with methanol-sulphuric acid, but readily formed methyl 5-allyl-2- 
hydroxy-3 : 4-dimethoxybenzoate on treatment with diazomethane in ether. 

2-A cetoxy-5-allyl-3 : 4-dimethoxybenzoic Acid.—5-Allyl-2-hydroxy -3 : 4-dimethoxybenzoic 
acid (2 g.), acetic anhydride (2-8 ml.), and sulphuric acid (1 drop) were heated at 60° for 15 
minutes. On addition of water, the acetate solidified and formed long colourless prisms, m. Pp. 
98-5—99-5°, from light petroleum (Found: C, 60-0; H, 5-9. C,,gH,,O, requires C, 60-0; 
H, 58%). 

Methyl 2-Acetoxy-5-allyl-3 : 4-dimethoxybenzoate.—Methy] 5-allyl-2-hydroxy-3 : 4-dimethoxy- 
benzoate (100 mg.), acetic anhydride (50 mg.), and pyridine (0-5 ml.) were refluxed for 2 hours 
and kept for 18 hours at room temperature. On addition of water, the acetate solidified and 
formed colourless hexagonal prisms, m. p. 50-5°, from light petroleum (60—80°) (Found: C, 
61-1; H, 6-2. C,;H,,O, requires C, 61-2; H, 6-2%). The same compound (m. p. and mixed 
m. p.) was obtained by tréatment of 2-dcetoxy-5-allyl-3 : 4-dimethoxybenzoic acid with 
diazomethane in ether. 

5-Allyl-2 : 3 : 4-trimethoxybenzoic Acid.—Methy] 5-allyl-2-hydroxy-3 : 4-dimethoxybenzoate 
(6-5 g.) in acetone (150 ml.) was treated with methyl sulphate (2 x 5-5 ml.) and 10% sodium 
hydroxide solution (3 x 50 ml.) at the b. p. while being stirred. Heating and stirring were 
continued for 3 hours, the acetone was distilled off, and after acidification the crude product was 
extracted with ether, and the ethereal solution shaken with charcoal, filtered, and evaporated, 
vielding 5-allyl-2 : 3: 4-trimethoxybenzoic acid, which formed plates, m. p. 83° (5 g., 77%), 
from light petroleum (b. p. 60—80°) (Found: C, 61-9; H, 6-4. C,,H,,O, requires C, 61-9; 
H, 6-4%). The same acid was obtained in slightly better yield (90°) from a similar methylation 
of 5-allyl-2-hydroxy-3 : 4-dimethoxybenzoic acid. 

2:3: 4-Trimethoxy-5-propenylbenzoic Acid.—5-Ally]-2 : 3 : 4-trimethoxybenzoic acid (4:3 g.) 
was heated for 48 hours at 100° with alcohol (60 ml.) and potassium hydroxide (15-6 g.). After 
steam-distillation and acidification, the product separated as an oil and was extracted with 
ether. When a solution in light petroleum was kept at 0°, colourless plates of 2: 3: 4-tri- 
methoxy-5-propenylbenzoic acid separated, and after 2 further crystallisations from light 
petroleum had m. p. 65—67° (1-2 g., 30%) (Found: C, 62-1; H, 6-5. C,,H,,O, requires 
C, 61-9; H, 64%). 

Oxidation of 2:3: 4-Trimethoxy-5-propenylbenzoic Acid.—This acid (500 mg.) in acetone 
(40 ml.) was treated with potassium permanganate (1-5 g.) in small portions, with shaking. 
The reaction was completed by heating to the b. p., and the solvent removed in steam. On 
addition of dilute sulphuric acid and dissolution of the manganese dioxide with sulphur dioxide, 
4:5: 6-trimethoxyisophthalic acid separated in plates (300 mg.), m. p. 191°, and on crystal- 
lisation from water formed colourless, pointed prisms, m. p. 192°, alone or mixed with an 
authentic sample prepared by Feist and Awe’s method (Ber., 1926, 59, 175) (Found: C, 51-6; 
H, 4-8. Calc. for C,,H,,0,: C, 51-6; H, 4:7%). 


Thanks are offered to Miss K. Thieberg for preparing the authentic sample of 4: 5: 6- 
trimethoxyisophthalic acid. 
ORGANIC CHEMISTRY DEPARTMENT, 
UNIVERSITY OF WESTERN AUSTRALIA, NEDLANDS. Received, August 6th, 1952.) 


894. Thiophen Derivatives of Potential Biological Interest. Part III.* 

The Chemistry of 5-Substituted Thiophen-2-aldehydes. 

By Nec. Px. Buu-Hoi, Nc. HoAn, and DeENIsE Lavir. 

The chemistry of several 5-substituted thiophen-2-aldehydes has been 
investigated, chiefly with the view to preparing new compounds for biological 
investigation. Two series of derivatives in particular have been studied : 
stilbene-like substances for cancer research, and thiosemicarbazones and 
4-keto-A*-thiazolin-2-ylhydrazones for the testing of tuberculostatic activity. 


In continuation of earlier research on the use of thiophen-aldehydes for the synthesis of 

stilbene-like compounds (Buu-Hoi, Hoan, and Lavit, J., 1950, 2130; Buu-Hoi and Hoan, 

J., 1951, 251), and in view of the activity of «-phenylcinnamonitriles as mitotic poisons 

(cf. Lettré. Angew. Chem., 1947, 59, 26), the preparation of new «$-disubstituted acrylo- 
* Part II, J., 1951, 251. 
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nitriles in the thiophen series is reported. These include (a) a-aryl-8-2-thienylacrylo- 
nitriles (as I) formed by the alkali-catalysed condensation with arylacetonitriles of thiophen- 
2-aldehyde or several of its 5-substituted derivatives, (b) «-aryl-$-3-thienylacrylonitriles 
(II), obtained in the same way from 2: 5-dimethylthiophen-3-aldehyde, and (c) f-aryl- 
—, NC-CAr:CH—,— -_ ——C(CN):CHAr 

NC-CAr:'CH— S JR Me\ S Me X S/ —C(CN):CHAr Me! _ 'Me 


S 
(I) (IT) (IIT) (IV) 


a-2- (III) and $-aryl-«-3-thienylacrylonitriles (IV), arising similarly from the condensation 
of 2-thienyl- and of 2 : 5-dimethyl-3-thienyl-acetonitrile with aromatic aldehydes (see also 
Cagniant, Bull. Soc. chim., 1949, 16, 850). 

The thiophen intermediates used were 2 : 5-dimethylthiophen-3-aldehyde, thiophen-2- 
aldehyde, and 5-ethyl-, 5-isobutyl-, 5-benzyl-, and 5-chloro-thiophen-2-aldehyde. All 
these were prepared in high yield from the appropriate thiophens by the N-methyl- 
formanilide procedure (King and Nord, J. Org. Chem., 1948, 13, 635). According to earlier 
findings, thiophen-2-aldehydes, in contrast with thiophen-3-aldehydes, condense readily 
with ethyl acetoacetate in the presence of piperidine to give cyclohexane derivatives 
instead of the expected ethyl thenylideneacetoacetates (Buu-Hoi, Hoan, and Lavit, Joc. 
cit.). In agreement, 5-isobutyl- and 5-benzyl-thiophen-2-aldehyde give the cyclohexane 
esters (V) and (VI). 


(V; R = Bu‘) ;—) _/CH(CO,Et)—CMe-OH ™—T N——CO 
\ CH >CH, X!|_ J!—CH!N-NH—C. __ CHR 
S“ \CH(CO,Et)—CO Ss (VII) Ss 


(VI; R=CH,Ph) R 


The nitriles (I), (II), (III), and (IV) (see Tables 1 and 2) crystallise well and give 
halochromic colours with sulphuric acid; those bearing halogen atoms were of special 
interest to us as potential inhibitors of cestrogens, and as liver-poisons. 

The tuberculostatic activity of thiosemicarbazide (Jouin and Buu-Hoi, Ann. Inst. 
Pasteur, 1946, 72, 580) and of its reaction products with various aldehydes and ketones 
(Domagk, Behnisch, Mietzsch, and Schmidt, Naturwiss., 1946, 33, 315; Hoggarth, Martin, 
Storey, and Young, Brit. J]. Pharmacol., 1949, 4, 248; Donovick, Pausy, Stryker, and 
Bernstein, J. Bacteriol., 1950, 59, 667) led us to prepare, for bacteriological testing, the 
thiosemicarbazones of thiophen-2-aldehyde and its 5-substituted derivatives, which were 
found to be highly active im vitro against Mycobacterium tuberculosis var. bovis (Welsch, 
Buu-Hoi, Dechamps, Hoan, Le Bihan, and Binon, Compt. rend., 1951, 232, 1608). cyclo- 
Condensation of these thiosemicarbazones with various a-halogenated fatty acids in the 
presence of sodium acetate (Chabrier et al., Bull. Soc. chim., 1947, 14, 797; 1950, 17, 48; 
cf. also Wilson e¢ al., J., 1922, 121, 876; 1923, 123, 799; 1926, 253) led easily to a 
series of 4-keto-A*-thiazolin-2-ylhydrazones (VII) of the thiophen-2-aldehydes quoted 
above (see Table 3); these were less toxic, but also far less tuberculostatic, than the parent 
thiosemicarbazones. 

These biological studies, including the animal tests, will be reported in full elsewhere. 


EXPERIMENTAL 

Preparation of Intermediates.—Thiophen-2-aldehyde, 5-ethyl- and 5-chloro-thiophen-2- 
aldehyde, and 2: 5-dimethylthiophen-3-aldehyde were prepared according to King and Nord, 
and Buu-Hoi, Hoan, and Lavit (locc. cit.). The arylacetonitriles were prepared by treatment 
of the corresponding substituted arylmethyl chlorides or bromides with sodium cyanide in 
acetone. 

5-isoButylthiophen-2-aldehyde. To a stirred mixture of 2-isobutylthiophen (40 g.) (b. p. 
174—-176°; best prepared by Huang-Minlon’s modification of the Wolff—Kishner reduction 
of 2-isobutyrylthiophen; J. Amer. Chem. Soc., 1946, 68, 2486) and N-methylformanilide (50 g.) 
under reflux, phosphorus oxychloride (50 g.) was added in small portions; after the spontaneous 
reaction had subsided, the mixture was heated for 2 hours on a boiling-water bath, cooled, 
treated with a concentrated aqueous sodium acetate, and steam-distilled, giving the aldehyde 
(37 g.) as a colourless oil, b. p. 133°/20 mm., of unpleasant odour, becoming green on exposure 
to air (Found: C, 64-2; H, 7-1. C,H,,OS requires C, 64:3; H, 7-1%). The thiosemicarbazone, 
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made in ethanol, crystallised from that solvent as almost colourless needles, m. p. 152° (Found : 
C, 49°7; H, 6-4. C,)H,,N,S. requires C, 49-8; H, 6-2%). 

5-Benzvlthiophen-2-aldehyde. 2-Benzylthiophen (60 g.) was treated as above with N-methyl- 
formanilide (60 g.) and phosphorus oxychloride (60 g.); after removal by steam of N-methyl- 
aniline and excess of 5-benzylthiophen, the sparingly volatile 5-benzylthiophen-2-aldehyde 
was extracted with chloroform. The extract obtained was washed with dilute hydroc hloric 


TABLE 1. Acrylonitriles (1) and (II). 
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TABLE 2. Acrylonitriles (111) and (IV). 
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TABLE 3. 4-Keto-A?-thiazolin-2-ylhydrazones (VII). 
Found, % 
M. p. Formula 
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acid, then with water, and dried (Na,SO,), the solvent removed, and the residue vacuum- 
distilled, yielding the aldehyde (30 g.) as a pale yellow oil, b. p. 195°/13 mm. (Found: C, 71-0; 
H, 5-0. C,,H,OS requires C, 71-3; H, 5-0%). The thiosemicarbazone formed from acetic 
acid yellowish needles, m. p. 175° (decomp.) (Found: N, 15-0. C,,H,,N,S, requires N, 15-3%) 

Ethyl 2-(5-isoButyl-2-thienyl)-4-hydroxy-6-keto-4-methylcyclohexane-1 : 3-dicarboxylate (V) 

A mixture of 5-isobutylthiophen-2-aldehyde (2 g.) and ethyl acetoacetate (1-5 g.) was cooled 
in ice, and 5 drops of piperidine were added. After 24 hours at room temperature, the solid 
cyclic ester had formed ; it crystallised from ether-—ligroin (b. p. 100—120°) as colourless needles, 
m. p. 96°, giving an orange-yellow colour with sulphuric acid (Found: C, 61-1; H, 7-3 
C,H 390.5 requires C, 61:5; H, 7-3%). 

Ethyl 2-(5-benzyl-2-thienyl)-4-hydvoxy-6-keto-4-methylcyclohexane-1 : 3-dicarboxylate (V1), simi 
larly prepared, formed from ether colourless prisms, m. p. 145°, giving a red colour with 
sulphuric acid (Found: C, 64-6; H, 6-3. C,,H,,0,S requires C, 64-9; H, 6-3%). 

Preparation of Acrylonitriles—The nitriles (Tables 1 and 2) were prepared by shaking a 
solution of the aldehyde and arylacetonitrile in warm ethanol with a few drops of 30% aqueous 
potassium hydroxide. The substance precipitated was washed with water, and recrystallised 
from ethanol; in the case of p-nitrophenylacetonitrile, piperidine was used in place of potassium 
hydroxide. §-(5-tsoButyl-2-thienyl)-x-p-hydroxyphenylacrylonitrile was prepared by de- 
methylation of the corresponding methyl ether with pyridine hydrochloride. With sulphuric 
acid, the acrylonitriles from thiophen-2-aldehyde gave a red or violet colour, those from 
5-substituted thiophen-2-aldehydes gave a green or brown colour, those from the 5-benzy] 
aldehyde a red or brown-red colour, and those from the 5-chloro-aldehyde a yellow colour, 
becoming green on heating of the mixture; §-(2: 5-dimethyl-3-thienyl)-«-2-naphthylacrylo- 
nitrile gave a violet colour. 

Preparation of 4-Keto-A*-thiazolin-2-ylhydrazones—A suspension of the appropriate 
thiosemicarbazone (1 mol.) with chloroacetic acid or the appropriate «-bromo-acid in acetic 
acid or ethanol, was refluxed for 5 hours in the presence of sodium acetate; the precipitated 
hydrazones (Table 3) were recrystallised from acetic acid. or ethanol. 5-Chlorothiophen-2- 
aldehyde thiosemicarbazone formed from ethanol colourless prisms, m. p. 163° (Found: C 
32:4; H, 2:8. C,H,N;S,Cl requires C, 32-7; H, 27%). 
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895. The Thermal Decomposition of cycloHexenyl Hydroperoxide 
in Hydrocarbon Solvents. 
By L. BATEMAN and (Mrs.) HILDA HUGHEs. 

Kinetic and product data on the thermal decomposition of cyclohexeny] 
hydroperoxide in benzene and in various olefins in the concentration range 
()-03—1-4m are reported. In the olefins, decomposition proceeds by a chain 
mechanism involving the solvent, and characterized by an initiation step 
which is of the second order with respect to the peroxide. In benzene, the 
chain process is almost completely suppressed and the decomposition 
approximates to a one-stage second-order reaction. Earlier conclusions 
concerning the initiation step in olefinic autoxidations under similar 
concentration conditions are thus verified. Reference is made to work 
revealing that at concentrations lower than specified above alkenyl hydro- 
peroxides decompose largely by a first-order process, and it is argued that this 
rather unique change in reaction order with concentration expresses the 
different decomposition tendencies of associated and unassociated O,H groups 


DETAILED information on liquid-phase hydroperoxide decompositions remains meagre, 
despite its especial significance to hydrocarbon autoxidations. Methyl (Medvedev and 
Podyapolskaya, Acta Physicochim. U.R.S.S., 1935, 2, 487), tert.-butyl (Bell, Raley, Rust, 
Seubold, and Vaughan, Discuss. Faraday Soc., 1951, 10, 242), cyclohexyl (Farkas and 
Passaglia, J. Amer. Chem. Soc., 1950, 72, 3333), and tetralyl (Yamada, /. Soc. Chem. Ind. 
Japan, 1936, 39, 450; Ivanov, Saminova, and Mikhailova, Compt. rend. Acad. Sct. U.R.S.S., 
1939, 25, 34; Robertson and Waters, J., 1948, 1578) hydroperoxides exhibit complex 
kinetic behaviour, which has been interpreted generally in terms of a composite process 
similar to that recognized for diperoxides, v1z., a primary unimolecular scission accompanied 
by decomposition induced by radical attack on the peroxide. This interpretation is 
supported by the claim that the order of the reaction, normally between | and 2, tends 
nearer to 1 as the initial peroxide concentration is reduced and the conditions for induced 
decomposition become less favourable. In the systems ¢ert.-butyl hydroperoxide—benzy] 
alcohol (Stannett and Mesrobian, ]. Amer. Chem. Soc., 1950, 72, 4125) and cumyl hydro- 
peroxide—l-phenylethanol (Kharasch, Fono, and Nudenburg, J. Org. Chem., 1951, 16, 113), 
the solvent is thought to participate in the primary reaction. 

The kinetics of oxidizing olefins, on the other hand, imply that allylic hydroperoxides 
at concentrations greater than about 0-02M yield radicals via a bimolecular process (Bolland, 
Quart. Reviews, 1949, 3,1). This implication is not necessarily inconsistent with the other 
conclusions because of differences in hydroperoxide type and in environment, and because 
of the relative crudity of much of the direct kinetic data. Its validity requires to be 
tested by a thorough study of the decomposition of an allylic hydroperoxide under 
comparable conditions to those employed in the autoxidation experiments. The 
decomposition of cyclohex-2-enyl hydroperoxide in cyclohexene at 60—80° has thus been 
examined. To check the main conclusions, similar reactions in oct-l-ene, acyclic 1 : 4- 
dienes, and in benzene, have also been investigated. The choice of hydroperoxide was 
dictated (i) by the fact that the symmetry of the parent olefin leads unequivocally to the 
formation of a homogeneous hydroperoxide on oxidation (at least two isomers can be 
formed from symmetrical acyclic mono-olefins as a consequence of allyl-radical mesomerism, 
while 1-methylcyclohexene, for example, possibly yields five—see Bolland, Trans. Faraday 
Soc., 1950, 46, 358); (ii) by the absence of inhibitory or catalytic substances among its 
decomposition products (contrast, e.g., tetralyl hydroperoxide) ; and (iii) by reports (since 
discovered to be erroneous) of isolation of the hydroperoxide in pure form. 


EXPERIMENTAL 
Materials.—Immediately before use, all solvents, either neat or in light petroleum 
b. p. <40°), were run through an alumina column to remove any traces of peroxide. 
cycloHexene. A laboratory sample, shaken with aqueous ferrous sulphate, dried (CaCl,, 
then Na), and fractionated through a Fenske column, had b. p. 81-5°/763 mm., njf 1-4490. 
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Benzene. The ‘‘ AnalaR ”’ grade was refluxed over Raney nickel for 1-5 hours, then filtered, 
dried, and fractionated from sodium; it had b. p. 79-3—79-4°/755 mm., n# 1-4990. 

Oct-l-ene. See Bateman and Cunneen (/., 1950, 941). 

2 : 6-Dimethylhepta-2 : 5-diene. This olefin, b. p. 150—151°/758 mm., n?? 1-4490, was kindly 
supplied by Dr. J. I. Cunneen (Bateman, Cunneen, and Waight, /., 1952, 1714). Its intense 
oxidizability necessitates especial care in storage. 

Ethyl linoleate. Crude linoleic acid from cotton-seed oil was purified via its crystalline 
tetrabromide, m. p. 115-5° (Found: Br, 52-9, 53-6. Calc. for C,gH;,0,Br,: Br, 53-3%). The 
acid regenerated after debromination with powdered zinc in ethanol was esterified (hydrogen 
chloride), and the yellow product in light petroleum solution was run through an alumina 
column to remove any free acid and oxidized material. The recovered, colourless ester had 7} 
1-4600 (lit., 3° 1-4582, n% 1-4562) (Found: C, 77-9; H, 11-9. Calc. for C,,H,,0,: C, 77-9; 
H, 11-8%). Spectroscopic examination revealed the presence of traces of hydroxyl and 
conjugated triene and tetraene groups, but no conjugated diene. Further selective 
chromatography reduced these impurities to negligible proportions. 

cycloHex-2-enyl hydroperoxide. (a) From the photo-oxidation of cyclohexene. cycloHexene 
(200 g.) in a silica flask connected to an oxygen reservoir was irradiated with an S.500 Hanovia 
mercury-arc lamp and shaken for 6 hours at the ambient temperature; ca. 7% of oxygen was 
absorbed. The product, on short-path distillation at 20° and 10-*—10~ mm. to a condenser at 
0°, gave fractions: (i) n} 1-4902, peroxidic O * (determined iodometrically, see below) 27-9, 
(by direct combustion) 27-2, 27-4% (Calc. for C,H,,0, : O, 28-0%); (ii) n? 1-4903, peroxidic O, 
28-0%. Analyses for carbon and hydrogen showed these fractions not to have the purity 
indicated by the peroxidic oxygen determinations [Found for (ii) : C, 64-0, 64-4; H, 8-95, 8-85. 
Calc. for CgH,,O,: C, 63-2; H, 8-8%]. This finding conflicts with earlier reports (Farmer and 
Sundralingham, J., 1942, 121) but has been confirmed by Barnard and Hargrave (Analyt. Chim. 
Acta, 1951, 5, 476), who have shown that such peroxide samples are 85% pure. 

(b) From the thermal oxidation of cyclohexene. The olefin was stirred in the dark at 55 
under efficient condensing conditions, and dry oxygen passed over the liquid surface for 24 hours. 
The hydroperoxide (n?? 1-4901) was isolated as under (a) [Found : C, 63-3; H, 8-9; peroxidic O 
(iodometric), 32-0%]. Barnard and Hargrave (loc. cit.) estimate the purity of similar samples 
as 96% by their stannous chloride method. This figure is not raised appreciably by fraction- 
ation, partial steam-distillation, and chromatography. The nature of the impurity is obscure; 
it cannot be simply cyclohex-2-enol, dicyclohex-2-eny]l ether, or dicyclohex-2-enyl peroxide. It is 
evidently inert under the present decomposition conditions, since hydroperoxide samples 
containing different proportions decomposed at equivalent rates. 

Peroxide Estimations.—Iodometric method. To the sample in 10 ml. of a 3: 2 mixture of 
acetic acid and carbon tetrachloride was added 1 ml. of a 5% solution of potassium iodide in 
methanol, and the mixture kept stoppered in the dark for 20 minutes; water (20 ml.) was added, 
and the liberated iodine titrated with 0-002N-sodium thiosulphate (starch). 

The analyses recorded above for the cyclohexenyl hydroperoxide preparations point to high 
estimates’ being obtained by this method. Its stoicheiometry was therefore investigated by 
comparing such estimates with oxygen absorptions accurately measured during the oxidation of 
cyclohexene : 


Oxygen uptake, % w/w (A) Peroxidic oxygen, % w/w (B) B/A, % 
0-58 0-66,, 0-65,, 0-66, 
0-29 0-33,, 0-33, 


The value of B/A agree closely with the ratio of estimated /theoretical peroxide content given 
for the peroxide in (b) above. The cause of this discrepancy—which has been confirmed by the 
development of a truly stoicheiometric analytical method (Barnard and Hargrave, loc. cit.)—is 
unknown, but depends on the presence of oxygen (low values being obtained in its absence). 
However, in view of the experimental convenience, sensitivity, and reproducibility of the 
iodometric determinations, and the fact that numerous blank experiments showed the 
stoicheiometric correcting factor to be constant over a wide range of concentration, the routine 
peroxide analyses in the present work were carried out by the iodometric method, and 
a correcting factor of 100/115 applied. 

Rate Measurements.—Approximately 0-l-ml. portions of the peroxide solution of known 
concentration (in the range 0-03—1-40m) were introduced into the bottom of weighed Pyrex 


* Throughout this paper, peroxidic oxygen designates both oxygen atoms in RO,H or RO,R. 
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tubes, in such a way as to avoid contamination at a constriction. 


After being reweighed and 
de-gassed, the tubes were sealed under a vacuum. 


Two were retained for “‘ initial ’’ peroxide 
estimations, and the remainder heated for different times in a thermostat regulated to +0-02°. 
Scrupulous attention to the filling, sealing, and cleanliness of the reaction tubes was essential ; 
they were scrubbed and rinsed several times with distilled water (not with acid cleaning 
mixtures), then with dry acetone, and vacuum-dried. The extents of decomposition were 
determined by dissolving the contents in carbon tetrachloride, and carrying out iodometric 
estimations on aliquot portions as described above. 

Determination of Reaction Order.—A plot of the extent of decomposition against time for 
cyclohexenyl hydroperoxide in cyclohexene yields a smooth conventional-type curve up to 
about 70% decomposition, whereat an anomalous increase in rate occurs. This change 
undoubtedly reveals a departure from a homogeneous reaction since the solution concurrently 
develops an opaqueness due to separation of water. Plots of such data in accordance with 
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first-, three-halves-, and second-order relationships are shown in Fig. 1. Such representation, 
as used by previous workers (p. 4594), evidently lacks sensitivity for precise definition and the 
following procedure was therefore adopted : 

Four or more extents of decomposition less than 30% were measured and expressed 


iccording to the first- and second-order rate equations, h,f In [RO,H),/{RO,H 


and 
tot = [RO,H}* 


RO,H),1, respectively, where [RO,H), and [RO,H] represent the peroxide 
concentrations initially and at time ¢, respectively, and the corresponding initial rates & ,[RkO,H], 
and k,{RO,H),? were calculated. The slope of the linear plot of log (initial rate) against 
log [RO,H), then gives the true order of the reaction. Some typical data given in Table 1 
illustrate that the initial rates thus determined are largely insensitive to the assumed order of 
reaction (l or 2). Similar insensitivity extends to the derived true order, plots based on assumed 
orders of 1 and 2 yielding values of the true order of 1-78 and 1-76, respectively 
appear linear over the concentration range covered. 
k{[RO,H}'7?, a plot of 0-77-1({RO,H)°7? 


These plots 
Since, from the above, —d{RO,H]/d# 
RO,H),°7?) against ¢ should be linear, and the 
data given in Fig. 1 fulfil this condition accurately up to 70% decomposition. 


The order of the decomposition in benzene was determined similarly. For oct-l-ene and 
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2 : 6-dimethylhepta-2 : 5-diene, less precise but sufficiently definite values were deduced from 
careful measurements of the overall decomposition. 


TABLE I. 


Velocity constant 10° x Initial rate 
fRO,H],, 108%, 10°, Calc. from k, Calc. from hk, 
% (w/w) (hr.-) (% peroxidic oxygen™/hr.) (% peroxidic oxygen /hr.) 
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Kinetic Results.—Data not given elsewhere in the paper are summarized below. 

(i) Temperature coefficient of the decomposition rate in cyclohexene. At 60° k = 5-2 x 10°; 
at 80° k = 2-1 x 10° mole? 1.°7 hr. The derived Arrhenius activation energy is 16-5 kcal., 
which, however, is without quantitative significance owing to the narrow temperature range and 
the non-linear relationship between log k and 1/T implied in general (see scheme on p. 4599). 

(ii) General rate expression for the decomposition in benzene. At 80°, k = 5-0 x 10%; at 
100°, k = 3-7 x 10°* mole 1. hr... Hence, k = 6-5 x 10° exp(—26,000/RT) mole 1. hr.-. 
Here, the E term possesses its ordinary significance. 

(iii) Effect of airy on the decomposition in benzene. For decompositions carried out in air at 
100°, k = 4:8 x 10-* mole* 1. hr.-. 

(iv) Effect of powdered glass on the decomposition in benzene. Powdered glass of surface area 
3800 cm.*?/g. was washed several times with hot distilled water, then with purified acetone, and 
dried in a vacuum, 50-mg. portions added to the reaction mixture thus increasing the surface 
area about 100-fold. At 100°, & = 3-8 x 10-* mole 1. hr.-, 1.e., practically identical with that 
found in (ii) above. 

Products of the Decomposition of cycloHexenyl Hydroperoxide in cycloHexene.—Farmer and 
Sundralingam (loc. cit.) isolated cyclohex-2-enol as the principal volatile product from the 
decomposition of the hydroperoxide in cyclohexene at 100°. Their yield was only 59% and 
much dimeric or similar material was formed, possibly because of the highly concentrated solution 
employed (50%) and possibly because of secondary reactions occurring during the isolation 
process. The first difficulty being avoided, the second may be eliminated by using an analytical 
procedure based on the different infra-red absorptions by the unassociated OH groups in cyclo- 
hexenol and cyclohexenyl hydroperoxide. In carbon tetrachloride solution (ca. 1%), the 
characteristic absorptions at 3600 and 3540 cm.-!, respectively, are distinctively resolved by a 
lithium fluoride prism. 

The peroxide (1-1m) in cyclohexene was heated at 80° for 51 hours, its concentration then 
having been reduced to 0-46m. An aliquot portion of the solution was diluted about 10-fold 
by carbon tetrachloride, and the absorption intensity at 3600 cm.-! measured quantitatively 
By comparison with appropriate calibration curves, the cyclohexenol content was estimated as 
0-83m (+0-05), i.e., 130% yield on the peroxide decomposed. This estimate is a minimum, 
however, since absorption at 3300 cm.-! (sodium chloride prism) is indicative of some associated 
OH groups also being present (not from water). The reaction mechanism advanced later 
(p. 4599) requires a yield of about 180% for the chain length probably applicable 

Products of the Decomposition of cycloHexenyl Hydroperoxide in Benzene.—(1) Identification of 
cyclohex-2-enone and cyclohex-2-enol. A 15-6% solution of the hydroperoxide in benzene 
(28-5 g.) was sealed under vacuum and heated at 100° for 42 hours, 63% decomposition then 
having occurred. The solution was pale yellow and water had separated. After drying 
(Na,SO,), the benzene was evaporated at 0-1 mm. and condensed in a trap at —78°. Infra-red 
analysis showed the condensate to be benzene containing traces of a carbonyl compound. The 
remaining product gave the following fractions: (i) b. p. <29°/0-06 mm., 0-50 g., 4,,,,. 2240 A, 
E}%, 870, Auax. 3210 A, E}%, 2-55 (Found: C, 73-2; H, 90%; M, 112,105. Calc. for C,H,O: 
C, 750; H, 83%; M, 96. Calc. for C,H,,O: C, 73-5; H, 102% ; M, 98. Calc. for 
C,H,,02: C, 63-2; H, 89%; M, 114); (fi) b. p. 29—33°/0-06 mm., 0-32 g., Amax. 2260 A, 
E!% 567, Amz, 3200 A, E}%, 1-82 (Found: C, 72-9; H, 92%); (iii) b. p. 33—49°/0-06 mm., 
0-19 g.; (iv) b. p. 49—54°/0-06 mm., 0-67 g. (Found: C, 64-5; H, 89%); (v) b. p 
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54—60°/0-06 mm., 0-59 g. (Found: C, 63-9; H, 9-3%); (vi) residue, 1-3 g. (Found: C, 61-2; 
H, 8-2%; M, 204). Short-path distillation of (vi) gave a product having C, 59-2; H, 8-8%. 
In terms of cyclohexenyl hydroperoxide, the peroxide contents were (i) 13%; (iii) 25-8%; 
(iv) 84-:0%; (v) 81:0%; (vi) 150%. Fractions (i) and (ii) reduced ammoniacal silver nitrate 
in the cold and Fehling’s solution on warming; they did not react with dimedone; they gave 
an orange 2: 4-dinitrophenylhydrazone, m. p.s and mixed m. p. 159—160°, which on repeated 
crystallization from aqueous ethanol was raised to 161° (Found: C, 52-2; H, 44; N, 20-6. 
Calc. for C;,H,,O,N,: C, 52-2; H, 4-4; N, 20-3%); they yielded an oxime, m. p. 87—89°. 
The carbonyl-containing material is thus identified as cyclohex-2-enone. Paper chromatography 
of the crude 2 : 4-dinitrophenylhydrazone indicated it to be homogeneous. The analytical data 
suggest that it is probably contaminated with cyclohexenol, and spectroscopic examination 
confirmed this. The pure ketone has 4,,, 2245 A, E}%, 1134, 2... 3200 A, E}%, 3-6; hence 
its concentration in fractions (i) and (ii) is estimated to be 77 and 50%, respectively. The 
infra-red spectra of the fractions revealed that hydroxy] groups were present, and the spectrum 
of (i) was found to be almost identical with that of a synthetic mixture of the ketone (70%) and 
alcohol (30%). Finally, fraction (i) yielded the «-naphthylurethane of cyclohex-2-enol, m. p. 
and mixed m. p. 155—156°. The nature of (vi) was not determined : its infra-red spectrum 
had an absorption band at 1710 cm.-', possibly indicative of an unconjugated carbonyl 
compound, but no 2: 4-dinitrophenylhydrazone could be prepared. 

(2) Estimation of the water produced. 7-501 G. of a 13-8% solution of the hydroperoxide in 
benzene was decomposed to the extent of 23-3% as described under (1). The solution was then 
transferred quantitatively to an all-glass distillation unit in which the only detachable joints 
were from an 8-cm. column above the flask (125 ml.) to a condenser and from the condenser 
outlet to the titration vessel of a Mullard—B.T.L. potentiometric titration apparatus. Dry 
nitrogen was passed through a bubbler sealed into the flask and the receiver was protected from 
moisture. After the addition of dry benzene (100 ml.), the mixture was boiled until 25 ml. of 
distillate had been collected—the decomposition of the peroxide during this process being 
negligible. Any water remaining in the condenser was washed into the titration vessel with 
8 ml. of dry methanol, a small excess of Karl Fischer reagent added, and the solution back 
titrated with a standard solution of water in dry methanol (Wernimont and Hopkinson, Analyt. 
Chem., 1943, 15, 272). Total amount of water estimated: 23-6 mg. Blank experiments 
with solutions containing the amount of hydroperoxide undecomposed in the above experiment 
gave values of 5-1 and 8-7 mg. Hence, amount ef water formed = 17 mg./2-12 x 10° mole 
0-44 mole/mole of peroxide decomposed. A repeat of the experiment exactly duplicated this 
result. 

(3) Estimation of the oxygen evolved. 1-03 G. of a 14-0% solution of the peroxide in benzene 
were introduced into a tube apparatus containing an internal breakable seal. After evacuation, 
the tube was sealed and heated at 100° for 19 hours. It was then connected to a vacuum line 
and, after appropriate evacuation, the breakable seal was broken by a steel ball. The solution 
was de-gassed in the usual way, the pressure measured on a McLeod gauge, and 
the peroxide content of the solution subsequently determined. Oxygen evolved 
4:53 x 10° mole/4-03 x 10 mole = 0-11 mole/mole of peroxide decomposed. 

(4) Product balance. The above experiments lead to the following approximate product 
balance : 
cycloHex-2-enone cycloHex-2-enol Oxygen Water Residue 

7 47 
44 _ 


0 


> wiw 25 11 3 
%, mole /mole 30 13 ll 


* M being taken as 200. 


(5) Examination for phenol. A solution of the peroxide (0-200 g.) in benzene (1-411 g.) was 
decomposed to the extent of 26-8 as described under (1). 0-5 Ml. of the solution was extracted 
with two l-ml. portions of 10%, aqueous sodium hydroxide, the extract acidified (hydrochloric 
acid), and bromine water added : no precipitate was formed. In a blank experiment, 0-25 ml. 
of a 13-5% solution of the peroxide in benzene containing 0-09% w/w of phenol when treated 
as above gave a precipitate of tribromophenol, but 0-1 ml. did not. Hence, phenol present in 
the decomposition mixture is <0-05% w/w, i.e., is <0-0005 mole/100 g. The peroxide 
decomposed = 0-029 mole/100 g.; therefore, phenol formation is <0-02 mole/mole of peroxide 
decomposed. 

(6) Examination for diphenyl. Measurement of the absorption intensity at 2510 A, rather 
than at the peak wave-length, 2490 A, allows dipheny] to be estimated in the presence of benzene 





1952) cycloHexenyl Hydroperoxide in Hydrocarbon Solvents. 
J y ye fy ; 


(the respective E}%, are 1126 and 9-1). A 14% solution of the peroxide in benzene, 88 mg. in 
100 ml. of ethanol having E}%, = 0-715, was decomposed to the extent of 32-5% as described 
under (1), and 101 mg. in 100 ml. of ethanol then had £}%*, = 0-869. On the assumption that 
the increased absorption is due entirely to diphenyl, 0-04°% is present in the heated solution 
1.e., <0-01 mole/mole of peroxide decomposed. 

Development of Conjugation during the Decomposition of cycloHexenyl Hydroperoxide in 
1 : 4-Dienes.—(a) In 2: 6-dimethylhepta-2 : 5-diene. 0-1 G. of a 0-91M-solution was heated at 
80° under vacuum for 3 hours, the extent of decomposition then being 37-6% (4:3 x 10° mole) 
The heated solution showed maximal ultra-violet absorption at 2370 A. The difference in 
E\%, at this wave-length between the heated and unheated solutions was 37-8. e for 
CMe,:CH:CH:CH’CMe,* groups being taken as 25,000, and thus £{%, as 2030, the number of 
these groups produced (37-8/2030) x (0-1/123) x (100/87) 1-74 x 10°5 mole-units, 
40% of the O,H groups decomposed. 

(b) In ethyl linoleate. 3-2 G. of a 1-Om-solution were heated at 60° under vacuum for 
162 hours, 8-0 x 10 mole of the peroxide then having decomposed. The peak absorption 
intensity developed at 2330 A corresponded to an increase in £}%,, of 23, giving the number of 
*CH:CH*CH:‘CH:’CH: groups produced ‘as 3-2 x 10-* mole-units, 7.e., 40% of the O,H groups 
decomposed. A portion of the heated solution was transferred to a small still fitted with a 
‘ cold finger ’’ containing liquid oxygen. On gentle agitation of the solution magnetically and 
evacuation to 10° mm., the volatile decomposition products and most of the residual hydro- 
peroxide, but not the linoleate compounds, condensed on the cold finger (as determined by 
trialexperiment). After 48 hours, when further distillation was undetectable, the hydroxylated 
residue was dissolved in petrol (b. p. 40—60°; 50 ml.) and run through a 12-cm. alumina column, 
which was subsequently washed with more solvent (100 ml.). The two recovered solutions 
were mixed, and the solvent was removed under vacuum to yield a residue free from conjugated 
diene units and with a barely detectable hydroxyl content. 


t.é., 


DISCUSSION 


The decomposition in cyclohexene is characterized by (i) the reaction order of 1-77, 
(ii) the inappreciable variation in this order over the concentration range studied, and 
(iii) the formation of cyclohex-2-enol as the major product. The following reaction scheme 
is in accord with these features : 


2RO,H —» RO- + RO, + H,O 2R’ —> ) inactive 
RO: -+- R’H —> ROH + R’* R’ + RO-—> : 


| 
f ts 
R’* + RO,H —~> R’OH + RO- 2RO-— > | Products 


where R = C,H, and R’H denotes the solvent (for cyclohexene, R’ = R). The RO,° 
radical is considered to react analogously to RO» with R’H, this being without effect on 
the overall reaction order. 

This scheme ‘is also in accord with the variation in decomposition rates and reaction 
orders on replacing cyclohexene by other olefins and by benzene (Table 2). In benzene, 


ABLE 2. Decomposition of cyclohexenyl hydroperoxide in hydrocarbons at 80°. 


ROH Decompn. rate at IM k, (80°) 
Solvent (mole '1.) Order (10% mole 1.~! hr.~?) (mole 1. sec.“ 
Benzene . a 1-95 5 
Oct-l-ene 


5 2 
cycloHexene . “SS 1-7 


l- 
. 2 79 
2 : 6-Dimethylhepta-2 8: 2-0 320 


the chain process is practically suppressed ; in the olefins, the lack of equivalence between 
the lability of H in R’H, as expressed by ky, the velocity coefficient of the reaction 
RO,* + R’'H ——> RO,H + R’, and the corresponding decomposition rates, together with 
the order changes, indicate that the two propagation reactions proceed with comparable 
facility, with the first one tending to be rate-determining with olefins having low &, values, 
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the second with those having high values. Consideration of both kinetic and product data 
is essential in arriving at these conclusions. 

The Primary Decomposition Reaction.—The most important conclusion from our work 
is that the primary generation of radicals occurs in a reaction 
of the second-order with respect to the hydroperoxide 
within the concentration range investigated. Direct con- 
firmation is thus obtained that the observed rate equation 
for the autoxidation of an olefin containing hydroperoxide 
at an approximately similar concentration, » = const. 
x [RO,H], maintains consistency with the theoretical 
equation, 7 = const. x ~/7;, by being of the form r = 
const. x */const. x [RO,H]*, where 7 is the rate of 
oxidation and 7; is the rate of chain initiation (cf. p. 4594). 
Since analogous oxidations catalysed by light (Bateman and 
Gee, Proc. Roy. Soc., 1948, A, 195, 376) and by the 
unimolecularly dissociating substances benzoyl peroxide 
(Bolland, Trans. Faraday Soc., 1948, 44, 669) and 
azobis(tsobutyronitrile) (Bateman, Gee, Morris, and Watson, 
loc. cit.) also conform to the theoretical equation, its com- 
pletely general validity cannot be in doubt. Accordingly, 
the recent finding that in olefins containing hydroperoxides 
at lower concentrations than considered above the applicable 
rate equation is 7 = const. x [RO,H}* is indicative of 
initiating radicals’ being evolved from the peroxide in a 
first-order reaction (Bateman, Hughes, and Morris, Discuss. 
Faraday Soc., in the press). In considering the nature of the 
primary decomposition process, therefore, it is necessary to 
reckon with this unique change in reaction order with 
concentration. The clue to the basis of this behaviour is 
thought to be contained in Fig. 3, which shows the changes 

oT in the infra-red spectrum of cyclohexenyl hydroperoxide on 

: L-—_ successive dilution in benzene. In the neat peroxide the 

Fic. 3. OH groups appear entirely in hydrogen-bonded complexes 

(broad absorption about 3350 cm.~1), which dissociate pro- 

gressively on dilution until at concentrations less than ca. 0-05m only unbonded groups are 

detectable (absorption at 3500 cm.~!). Thus it is deduced that the kinetic form of the 

primary decomposition act at low concentration relates to the unimolecular scission of the 

hydroperoxide monomer, but at high concentration to the unimolecular scission of the 
hydroperoxide dimer : 





‘o 


ao 


/On, 


, 
(4 


Absorp 


Undiluted 
hydroperoxide 








2(RO- + -OH) <— 2(RO-OH) =~ (RO,H....O°OR) --> RO,° + H,O + -OR 
H 


Monomer decomposition Dimer decomposition 


Che generality of this phenomenon for solutions of alkenyl hydroperoxides in the 
parent olefins is evident from the oxidation kinetics, which also reveal that the two 
decomposition modes, in their appropriate concentration regions, proceed singly at not 
greatly dissimilar rates at the same temperature (Bateman, Hughes, and Morris, doc. cit.). 
Factors influencing the equilibrium between the monomeric and dimeric hydroperoxide 
structures will therefore be important in determining the decomposition path followed. 
Che almost overwhelming predominance of the second-order process under the conditions 
of liquid-phase olefinic oxidations at temperatures below 100° (cf. Bolland, doc. cit., 1949) 
should diminish with structural or environmental changes which displace the monomer 
dimer equilibrium to the left. Such displacement would result from raising the 
temperature, by passing from the liquid- to the gas-phase, and by R being a group with 
steric or electronic properties unfavourable to the associated state. The recognition of 
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: 
these effects would seem to permit unification of many of the diverse observations on 
hydroperoxide decomposition. 

The bond breakages postulated for the decomposition of the dimer express the 
culmination of the donor-acceptor hydrogen-bonding interaction of the O,H groups. 
Substances having either stronger donor (HX) or acceptor (Y) properties, by complicating 
the monomer-—dimer equilibrium thus 


HX 
Me _ 


Y 
(X-H....O-OR) —= RO,H — (ROsH.... Y) 


|| non 


(ROH... . O*OR) 
H 

should therefore introduce significant modifications. Since the relative stability of the 
heterogeneous complexes and the dimer is not generally predictable, it is impossible to 
decide whether facilitation of the decomposition is a necessary consequence, but the site of 
primary bond fission and the kinetic characteristics should be affected. With cyclohexenyl 
hydroperoxide under conditions conducive to homolytic processes, typical examples of 
HX and Y, stearic acid and diphenyl sulphoxide, respectively, both cause accelerated 
decompositions. The reaction order has not yet been determined for the sulphoxide 
system, but the decomposition of the peroxide in cyclohexene changes from 1-8- to first- 
order in the presence of the acid (Fig. 2). 


We are indebted to Dr. E. S. Waight for the spectroscopic measurements. This work forms 
part of a programme of fundamental research undertaken by the Board of the British Rubber 
Producers’ Research Association. 

BRITISH RUBBER PRODUCERS’ RESEARCH ASSOCIATION, 

48 Tewrn Roap, WELWYN GARDEN City, HERTS 


896. Phase Relationships in the Pyridine Series. Part I. 
The Miscibility of some Pyridine Homologues with Water. 
By R. J. L. Anpon and J. D. Cox. 


The miscibility of pyridine, «-, 8-, and y-picoline and 2: 4-, 2: 5-, and 
2 : 6-lutidine with water is examined. The first four compounds are miscible 
in all proportions at all temperatures, but a- and §-picoline show strong 
tendencies to separate from water in the regions of 110° and 80°, respectively, 
as shown by the appearance of opalescence, in 30% solutions, at these 
temperatures. The lutidines are only partially miscible with water, 
their behaviour being represented by closed loop solubility curves 

An unorthodox method is described whereby the phase relationships in the 
ternary system §-picoline—2 : 6-lutidine—water are studied with a maximum 
use of the synthetical method and a minimum recourse to analysis; the results 
are extended to the quaternary system §-picoline~y-picoline—2 : 6-lutidine- 
water. 


SEVERAL references to the solubilites of pyridine homologues in water are available 
(Seidell, ‘‘ Solubilities of Organic Compounds,’’ Van Nostrand, New York, 1941), but it is 
now apparent that in some cases the samples used were of unsatisfactory purity. As a 
number of these compounds have been prepared very pure in this laboratory we have 
made a more reliable determination of their solubilities than has been possible hitherto. 
In agreement with earlier workers we found pyridine, «-picoline (2-methylpyridine), 
and y-picoline (4-methylpyridine) completely miscible with water at all temperatures ; 
we also found that $-picoline was completely miscible. This is contrary to Flaschner’s 
results (J., 1909, 95, 668) in the temperature range 49—153°c, but in agreement with 
those of Heap, Jones, and Speakman (J. Amer. Chem. Soc., 1921, 43, 1936). There can 
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be little doubt, judging by the method of purification used, that Flaschner’s 6-picoline was 
a mixture containing substances of low water solubility. The erroneous statement 
frequently found in text-books (e.g., Glasstone ‘‘ Textbook of Physical Chemistry,”’ 
Van Nostrand, New York, 1947, and Findlay, ‘‘ The Phase Rule and its Applications,’’ 
Longmans Green, London, 1938) that the $-picoline-water system exhibits a closed loop 
solubility curve, appears to be derived from Flaschner’s work. 
Mixtures of @-picoline and water, containing 60 


75% by weight of the latter, showed 
marked opalescence at 60—90°. 


An increase of temperature did not, however, cause 
phase separation; instead the opalescence faded, becoming undetectable by eye at 100°. 
A mixture of «-picoline with water (70% by weight) gave rise to rather fainter opalescence 
at 100—120°, but y-picoline did not show the phenomenon. We believe that the 
opalescence is a property of the picolines themselves and is not due to residual and less 
soluble impurities, because any such impurities were present to the extent of not more 


Fic. 1. Solubility curve for the system 


Solubility curve for the system 
2 : 4-lutidine—water. 2 


5-lutidine—water 
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% (by weight) of water in mixture 
than 0-25 mole °%,, and as will be seen later, some 4 moles ° 
were required to bring about phase separation with water. 
Closed loop solubility curves were obtained, by Alexejeff’s method, for each of the 
systems 2:4-, 2:5-, and 2:6-lutidine (2: 4-, 
respectively) with water (see Figs. 1, 2, 3a). 


» of 2 : 6-lutidine in §-picoline 


2:5-, and 2: 6-dimethylpyridine, 
Near the critical compositions, all three 
systems exhibited strong opalescence both below the lower and above the upper consolute 
temperatures. The more important data are summarised in Table 1. 


TABLE 1. Crtttcal solution data for the luttdine—water systems. 


Lower consolute point, Upper consolute point, 
System temp., °c water, % by wt temp., 
4-Lutidine-water ............... 23-4 : 74-5 188-7 


13-1 + 0° 73 206-9 
34-0 + 2 70 230-7 


water, % by wt 


Flaschner (loc. cit.) gave 45° and 165° as the two consolute temperatures for the 
lutidine—water system, and Coulson and Jones (J. Soc. Chem. Ind., 1946, 65, 169) found 
33-9° for the lower consolute temperature, in excellent agreement with our result; again it 


2 : 6- 


is likely that Flaschner’s material was grossly impure. Jones and Speakman (J. Amer. 
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Chem. Soc., 1921, 48, 1869) gave 22-5° as the lower consolute temperature for the 2: 4- 
lutidine—-water system but did not investigate the upper consolute point. Solubility 
data for 2 : 5-lutidine have not previously been reported. 

Commercial ‘‘ $-picoline ’’ is a mixture of $- and y-picoline with 2: 6-lutidine, and 
fractional distillation of the azeotropes with water has sometimes been used to separate 
the three bases (Cislak and Karnatz, U.S.P. 2,335,823; B.P. 580,048). The phase 
relationships in this quaternary system were therefore of interest, but we preferred in the 
first place to make a limited examination of the ternary system {-picoline-2 : 6-lutidine- 
water. Rather than attempt to construct a series of binodal curves for the whole 
temperature range of interest (30—230°), we have determined the shapes of sections in 

Fic. 4. Construction of the phase model foi 


the system B-picoline—2 : 6-lutidine 
water 





Fic. 3. Solubility curves of (a) the system 2: 6- . ; A 
lutidine—water, and (b) and (c) the system B- 
picoline—2 : 6-lutidine—water (see Table 2). 
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%(by weight) of water in mixture 





K corresponds to water (100%) 

L = B-picoline (100%). 

M - 2 : 6-lutidine (100°) 
two directions at right angles across the phase model (planes NOPQ and KLM in Fig. 4) 
and a further series of sections along planes such as AGHD and Al JD (Fig. 4). It was 
thus possible to determine the shape of the binodal surface accurately, without an undue 
expenditure of effort. 

As all points on plane AGHD correspond to compositions containing the two bases 

in a fixed ratio, the construction of the cross section on this plane involved making up a 
mixture of the bases in known proportions and plotting the solubility curve of this mixture 
as for a binary system (7.e. the mixed base was treated as a single component). Two such 
curves were obtained (curves } and c in Fig. 3) and further curves could readily be drawn 
by interpolation ; the required cross section on AGHD could then be obtained by projecting 
curve 6, drawn on ACFD, on to AGHD in the direction shown by the arrows (Fig. 4). To 
determine the section on plane NOPQ, mixtures were made up containing varying known 
amounts of the two pyridine bases but a constant proportion (70% by weight) of water. 
It was then only necessary to determine the temperatures of phase transition for each 
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mixture, the resulting curve being reproduced in Fig. 5 (curve a). The proportion of 
water was fixed at 70%, because this figure was approximately the average of the upper 
and lower consolute compositions; curve a thus represented a near-maximal section across 
the phase model. The section in the plane KLM of Fig. 4 was obtained by heating various 
ternary mixtures to 79°, followed by sampling and analysing the two phases; 79° appeared 
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Fic. 5. Solubility curves for the 
systems 2 : 6-lutidine—water 
X where X is (a) B-picoline, 
(b) a-picoline, (c) y-picoline, 
and (d) pyridine. (See Table 
3.) 
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from Fig. 5a to be the temperature of the maximal cross section in the direction parallel 
to plane DEF. Although our method of analysis was not sufficiently precise to give 
points lying exactly on a smooth curve (Fig. 6), we were able to show that the tie-lines 
converged on a point very close to the ‘‘ water’’ apex of the triangular diagram. Thus 
water shows very little, if any, selective solvent power for the two bases, a fact which can 


B-picoline 


Fic. 6. Binodal curve for the system 
0 


3-picoline—2 : 6-lutidine—water 


(See Table 4.) 





2:6-lutidine - 


be related to the strong tendency of $-picoline to separate from water at this temperature 
rhe position of the plait point (at 68% of water, 1-3°% of 2: 6-lutidine, and 30-7% of 
8-picoline) agreed well with the position deduced from Figs. 3 and 5. The approximate 
shapes of the binodal curves for this and other temperatures could also be determined 


from the solubility curves of Fig. 3. The method of construction is described by Jones 
(J., 1929, 799). 
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The system +-picoline—2 : 6-lutidine-water was next studied by using mixtures 
containing a constant proportion (70% by weight) of water. From the shape of the 
resulting solubility curve (curve c, Fig. 5) it is‘obvious that the shape of the binodal surface 
for this ternary system will resemble that of the system previously discussed. It follows 
therefore, that the phase model for the quaternary system §-picoline~y-picoline-2 : 6- 
lutidine-water at 79° will be similar in form to that described by Brancker, Hunter, and 
Nash (J. Phys. Chem., 1940, 44, 683) for the chloroform—acetic acid—acetone—water 
system at 25°. 

For completeness, the solubility curves at constant water content (70%) for the two 
ternary systems 2 : 6-lutidine and water with, respectively, pyridine and «-picoline, were 
determined (curves d and b of Fig. 5). It may be deduced from the four curves of Fig. 5 
that the widths of the ‘‘ negative ’’ solubility rings (Timmermans, Z. physikal. Chem., 1907, 
58, 129) of the four bases follow the sequence: pyridine > y-picoline > «-picoline > 
8-picoline. It is noteworthy that the same sequence was obtained by Flaschner (loc. cit.) 
by using potassium chloride to render the first three bases partially miscible with water. 
Finally it may be noted that the nearest approaches of curves a and 6 (Fig. 5) to the 
ordinate corresponding to 0°, of lutidine, lie at temperatures 79° and 109°, respectively, 
the temperatures at which the corresponding systems without 2 : 6-lutidine exhibit their 
maximum opalescence (see above). 


EXPERIMENTAL 

The purities, expressed in moles %, of the materials used were : pyridine, 99-85; «-picoline, 
99-8; §-picoline, 99-75; y-picoline, 99-75; 2: 4-lutidine, 99-65; 2: 5-lutidine, 99-85; and 
2: 6-lutidine, 99-8. The preparation of these bases will be described elsewhere. The residual 
impurities were related alkylpyridines and water; hydrocarbons were absent. 

Procedure for Binary Systems.—Water and the appropriate base were weighed into thick- 
wall ‘‘ Pyrex ’’ tubes which were then sealed. Phase-transition temperatures were determined 
with the specimens in a high capacity oil-bath the temperature of which, measured by means 
of a set of laboratory standard thermometers graduated in fifths of a degree, could be raised or 
lowered at any rate down to 0-1° per minute. The thermometers were of N.P.L. ‘ Class A ”’ 
standard. For work above 200°, an electrically-heated metal block was used. At lower 
solution points, the temperature of formation of a single phase, when the temperature was 
lowered, generally agreed with the temperature of the cloud point to within +0-1°; duplicate 
determinations also agreed with one another to within +0-1°. The same reproducibility (y) 
applied to upper solution points below 200°. Between 200° and 220° the reproducibility fell 
to about +0-3° while in the region of 230° it amounted to about +0-6°. The estimated errors, 


shown in Table 1, are equal to +x? + y®, where x is the maximum permissible error in the 
graduation of the thermometer used. 
TABLE 2. 
Wt. % Lower Upper wt. % Lower Upper 

System Curve water soln. temp. soln. temp water soln. temp. soln. temp 
Mixture (i) and Curve ¢ 71-2 87-9 ° 65-0 67-5 93-7 

water Fig. 3 , 68-4 91-7 60-5 69-4 92-4 

: 67-6 93-2 58-2 70-6 92-1 

67-5 93-8 56-7 76-7 87-0 

Mixture (ii) and Curve }, 36: 60-1 110-9 60-6 49-¢ 134-5 
water Fig. : 79-4 49-5 131-4 50-0 58-5 129-9 
48-6 135°8 43°5 77°: 116-3 

Results for the three lutidine-water systems are presented graphically in Figs. 1, 2 
and 3a. 

Ternary Systems.—The solution temperatures of mixtures of 8-picoline and (i) 5-27% (by 
weight) and (ii) 21-99% (by weight) of 2 : 6-lutidine with water, found by the method described 
for binary systems, are summarised in Table 2. 

The solution temperatures of mixtures containing water (70 + 2% by wt.), 2: 6-lutidine, 
and respectively pyridine, «-, B-, and y-picoline were found in the usual way. Results are 
summarised in Table 3. 

Four mixtures of water, 8-picoline, and 2 : 6-lutidine were heated to 79° in a closed system, 
kept at this temperature, with shaking, for 15 minutes, and samples then drawn from the 
upper and lower phases, for analysis by an ultra-violet spectroscopic method (Table 4). This 
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TABLE 3. 
wt. % Wt. % 
2 : 6-lutidine water in Lower Upper 
System Curve in base total mixture soln. temp. soln. temp. 
Water, 2: 6-lutidine, Curve d, 74-7 69-4 52-6 195-3° 
and pyridine Fig. 5 59-6 69-7 }- 160-7 
56-5 . 51-3 
53-8 
Water, 2: 6-lutidine, Curve b 74:1 
and a-picoline Fig. 5 49-4 
26°7 
16-4 
13-6 
Water, 2: 6-lutidine, Curve a, 66-9 
and £-picoline Fig. 5 32-7 
21-4 
11-6 
6-0 
Water, 2: 6-lutidine, Curve ¢ 73-5 
and y-picoline Fig. 5 48:3 
39-7 
33-6 


7 
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TABLE 4. Analysis of phases in equilibrium at 79° (% by weight). 
Composition of original Composition of upper Composition of lower 
mixture layer layer 

6-lutidine B-picoline water 2: 6-lutidine f-picoline water 2: 6-lutidine 8-picoline water 

68% 23-:2%, 700% 32% 41-8% 45-0% 
3-0 29-6 67:1 “{ 44-6 50-6 

28-0 2° 59-8 3+ 18-6 32-5 

15-9 24°: 59-6 25- 36-0 38-4 
method entailed measuring the optical densities of solutions of the samples in dilute sulphuric 
acid at 262-5 mu, the wave-length at which standard spectral curves for the two bases intersected, 
and at 280 my where the optical density of a standard solution of 2: 6-lutidine was 40 times 
greater than that of a standard £-picoline solution. The first measurement gave an estimate 
of the total base in the sample, and the second of 2: 6-lutidine (cf. Herington, Discuss. 
Faraday Soc., 1950, 9, 26). 

We are indebted to Dr. E. F. G. Herington for much advice and encouragement. We also 
thank Mr. W. Kynaston for the spectroscopic measurements and Dr. E. A. Coulson for supplying 
the pyridine homologues. This work formed part of the programme of the Chemistry Research 
Board and is published by permission of the Director of the Chemical Research Laboratory. 
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897. Phase Relationships in the Pyridine Series. Part I1.* 
The Miscibility of Some Pyridine Homologues with Deuterium Oxide. 
By J. D. Cox. 

The miscibility of the picolines and of three lutidines with deuterium oxide 
is studied. «-Picoline is only partially miscible (see also Timmermans and 
Poppe, Compt. rend., 1935, 201, 608) as also is (-picoline; y-picoline is 
completely miscible. The partial miscibility of $-picoline with deuterium 
oxide affords a simple method of analysing deuterium oxide—water mixtures, 
and a suitable procedure is suggested. 


Ir has been known for some years that the consolute temperatures of aqueous binary 

systems are appreciably altered by changing the isotopic composition of the water, and it 

appears to be a general rule (Timmermans, J. Chim. phys., 1949, 46, 546) that an upper 

consolute temperature is raised while a lower consolute temperature is lowered, if water 

enriched in deuterium oxide is used, in the appropriate binary system. Timmermans and 
* Part I, preceding paper. 
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Poppe (Compt. rend., 1935, 201, 608) found that although «-picoline is completely miscible 
with water at all temperatures, it is only partially miscible with deuterium oxide at 92— 
112-5°. This has been confirmed in the present work. As §-picoline shows a stronger 
tendency to separate from water than does «-picoline (cf. Part I), it was expected 
that the 8-isomer would separate from deuterium oxide to give a solubility ring much wider 
than 20°. It has now been found that the 8-picoline-deuterium oxide system gives a closed 
loop solubility curve 78-5° wide (Fig. 1), the consolute temperatures being 38-5° [a mixture 
containing 28°, (by weight) of 8-picoline] and 117-0° [34% (by weight) of 8-picoline]. The 
centre of the solubility ring, at 78°, corresponds closely with the temperature of the terminal 
plait point, 79°, for the system §-picoline-2 : 6-lutidine—water (Part I). It is clear that at 
this temperature the tendency for $-picoline to separate from water reaches a maximum. 
Because of the difference between the two consolute temperatures of the $-picoline— 
deuterium oxide system, a potential method of analysing D,O-H,O mixtures becomes 
apparent. The use of solution temperatures for such an analysis was first advocated by 
Patterson (J., 1937, 1745) who suggested phenol as the third component. Clearly 


Solubility curve for the system B-picoline—deuterium Fic. 2. Solubility curve for the system B- 
oxide. picoline (30%)—deuterium oxide—water 
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8-picoline would be superior for this purpose, as the rate of change of solution temperature 
with respect to the content of deuterium oxide is some three times as great. In addition, 
the fact that $-picoline—-deuterium oxide-water systems have two solution temperatures 
allows two independent determinations to be made on each sample of water. In actual 
analyses it is obviously preferable to use a two-dimensional calibration curve rather than a 
phase model, so that the proportion of one constituent of the ternary mixtures should be 
kept constant. This condition was satisfied in the present work by keeping the proportion 
of $-picoline constant at 30% (by weight), a compromise between the two consolute 
compositions of the §-picoline-deuterium oxide system. The solubility curve thus 
obtained (Fig. 2) shows that the method is applicable to the analysis of water containing 
20—100% of deuterium oxide, an accuracy of --0-4% being attainable if solution 
temperatures are determined with an accuracy of +-0-1°. It cannot be claimed that this 
method of deuterium analysis can compete with some of the well-established methods 
(Kirshenbaum, “‘ Physical Properties and Analysis of Heavy Water,’’ McGraw-Hill, New 
York, 1951) in respect of the accuracy obtainable, although it would not be difficult to 
refine the method so that solution temperatures could be determined with an uncertainty 
no greater than 0-01° (cf. Rowden and Rice, J. Chem. Phys., 1951, 19, 1423). The merit of 
the method obviously lies in the extreme simplicity of the apparatus and technique 
required. 

No changes in the solution temperatures either of binary mixtures of $-picoline and 
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deuterium oxide or of ternary mixtures containing water could be detected during the 
course of a week, but over a period of two months small but significant shifts were found. 
Lower solution temperatures were depressed by an average of 0-2° while upper solution 
temperatures were elevated by the same amount. It can therefore be said that isotdépic 
exchange does not invalidate the analytical method, provided solution temperatures are 
determined within a few days of preparation of the mixtures. 

Although several studies have been made of the effect of substituting deuterium oxide 
for water in systems with either an upper or a lower consolute temperature, the effect in 
systems having both temperatures has not been described hitherto. Results for three 
lutidines, summarised in Table 1, bear out Timmermans’ generalisation (J. Chim. phys., 
1949, 46, 546), based on observations of systems with one consolute point, that the 
substitution causes the region of partial miscibility to increase. In the cases of 2 : 4- and 
2: 5-lutidine the depression of the lower temperature is approximately equal to the 
elevation of the upper temperature. This does not appear to apply to 2: 6-lutidine but 
the uncertainty attaching to the A value for the upper point is unfortunately too great to 
warrant further comment. 


TABLE 1. Solution temperatures of lutidine-water and lutidine—-deuterium oxide systems. 

System Lower soln. temp.* A ft Upper soln. temp.* Aft 
2: 4-Lutidine-H,O ... * 23-5 + 0-2 73 188-5 + 0-3° —7-5° 
D,O sénoueasid Bs we 196-0 0-5 


” 


2 : 5-Lutidine-H,O ........ 3 ‘2 4-6 206-0 +- 0-5 
an D,O seeU 8: 211-6 + 1 
2 : 6-Lutidine—H,O ; 34-0 + 0-2 58 228-7 +- 1 
i __* : aperepe rae eeise 287i, 228 +1 
* These temperatures apply to solutions containing 30% (by weight) of base they are certain 
to be very close to the consolute temperatures (cf. Part 1) 
+ A represents the solution temperature of a water system minus that of the corresponding 
deuterium oxide system 
EXPERIMENTAL 

The purities of the pyridine homologues used and the method of determining solution 
temperatures were as described in Part I. The deuterium oxide was stated to contain 99-75% 
of D,O, dj 1-10514; approximately 0-1 g. was taken for each determination. 

A mixture of «-picoline and deuterium oxide containing 30-1% (by weight) of the former 
had solution temperatures 93-8° and 111-8°. A solution of y-picoline of the same concentration 
remained as a single phase between 20° and 150°. Results for the $-picoline-deuterium oxide 
system are shown graphically in Fig. 1 while those for three lutidine systems (each containing 
30% by weight of base) are given in Table 1. Data for ternary mixtures of $-picoline, deuterium 
oxide, and water are summarised in Table 2 


TABLE 2. 
>, B-picoline in Wt. %, D,O in 
total mixture H,O + D,O Lower soln. temp. Upper soln. temp 
29-6 69-8 46-8 108-0 
31-1 50-3 53°6 100-9 
30°3 35-3 60-1 94-0 
30-5 22-8 69-0 84:7 
It was found that the relation between the percentage, x, of deuterium oxide in a deuterium 
oxide—water mixture and the solution temperature, ¢ (° c), of a ternary mixture containing 30% 
of 8-picoline could be represented by an equation of the tvpe : ; 
*=A+ Bt+ C+ DP 
For lower solution points A, B, C, and D were 236-0, 2-122, —6-56 x 10-8, and 7-50 x 10-4, 
respectively ; for upper solution points values of 47-7, —1-111, —1-345 x 10°, and 1-250 x 10-4, 
respectively, fitted the experimental results between 100 and a 25. 
This work formed part of the programme of the Chemistry Research Board and is published 


by permission of the Director of the Chemical Research Laboratory. 


CHEMICAL RESEARCH LABORATORY, D.S.I.R., 
TEDDINGTON, MIDDLESEX. [Received, July 2nd, 1952. 
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898. Reactions of Acetyl Chloride with Zirconium Alkoxides. 
By D. C. Brapiey, F. M. ABp-EL Haim, R. C. MEHROTRA, and W. WARDLAWw. 


Reactions of primary, secondary, and tertiary alkoxides of zirconium 
with acetyl chloride have been investigated and the following new 
compounds prepared: ZrCl,,Pr°OAc; ZrCl,2Pr'iOAc; ZrCl,(OPr'),,Pr'OH ; 
ZrCl(OPr'),,Pr'OH; and ZrCl(OPr'),. No hydrogen chloride was evolved 
in reactions involving Zr(OPr'),,Pr'OH and acetyl chloride even in the 
presence of excess of isopropyl alcohol, and ZrCl,(¢ )Pr'),2Pr'OH was obtained 
by treating Zr(OPr'),,Pr'OH with hydrogen chloride. Radical-interchange 
reactions involving chloride alkoxides of zirconium are demonstrated and 
mechanisms of radical interchange between chlorides and alkoxides of 
silicon, titanium, and zirconium are discussed. 


3RADLEY, HAtim, and WARDLAW (J., 1950, 3450) stated that reactions of acetyl chloride 
with certain new zirconium chloride ethoxides presented novel features; ¢.g., an 
excess of acetyl chloride yielded the complex tetrachloride ZrCl,,EtOAc : ZrCl,(OEt), + 
2AcC]l —> ZrCl,,EtOAc + EtOAc. This reaction has now been investigated for 
Zr(OPr'),,Pr'OH and Zr(OR), where R Pr", n-octyl, CHEt,, and ¢fert.-amyl. Zirconium 
n-propoxide gave the crystalline complex ZrCl,,Pr®OAc, analogous to that from zirconium 
ethoxide. However, the isopropoxide furnished a crystalline substance ZrCl,,2Pr'OAc, 
which illustrates the important part played by the shape of the addendum (e.g., ethyl 
benzoate forms ZrCl,,2EtOBz). It was not possible to isolate a pure reaction product 
from acetyl chloride and zirconium n-octyloxide although there is little doubt that a 
derivative of zirconium tetrachloride was initially formed. Similarly it was deduced that 
for zirconium tetra-l-ethylpropoxide replacement had not exceeded the trichloride stage. 
Finally it was found that zirconium f¢ert.-amyloxide was much less reactive towards acetyl 
chloride than the other alkoxides, the order of reactivity thus being [Zr(OEt),; 
Zr(OPr'),,PP?OH; Zr(OPr"),; Zr(OC,H,,)4)>Zr(O*-CHEt,),>Zr(O-CMe,Et),. It is note- 
worthy that the more reactive n-alkoxides are highly associated in benzene solution whilst 
the unreactive éert.-amyloxide is monomeric. 

A more detailed study revealed that zirconium chloride tri-tert.-amyloxide was formed 
much more readily than the dichloride di-tert.-amyloxide (see the Table where the mol. 
ratio of reactants is compared with the Cl: Zr ratio in the resulting zirconium compound). 

AcCl : Zr(O-CMe,Et), : 1-38 5-57 8-82 

Cl: Zr in product *82 1-007 1-38 1-70 
This is contrary to stereochemical considerations which suggest that steric hindrance 
should oppose the introduction of the first chlorine atom but that further substitution of 
chlorine should be facilitated. It is relevant that pyridinium zirconium hexachloride 
and fert.-butyl alcohol in the presence of ammonia (Bradley, Halim, Sadek, and Wardlaw, 
J., 1951, 2032) give the monochloride ZrCl(OBu‘),,2C;,H;N, whereas the lower primary 
or secondary alcohols give the tetra-alkoxides Zr(OR),. Evidently the Zr-O and Zr-Cl 
bonds in zirconium chloride tri-tert.-alkoxides possess some unusual character which confers 
additional stability. 

In a detailed study of the reactions involving acetyl chloride and the tsopropoxide 
Zr(OPr'),,Pr'OH, it was surprising to find that the following changes occurred quanti- 
tatively and that no hydrogen chloride was evolved from the possible side reaction between 
acetyl chloride and tsopropyl alcohol. 


Zr(OPr'),,PriOH + AcCl —-> ZrCl(OPr'),,Pr'OH + PriOAc 
Zr(OPr'),,Pr'OH + 2AcCl —-> ZrCl,(OPr'),,Pr'OH + 2PriOAc 
Zr(OPr'),,Pr'OH + 3AcCl —» ZrCl,(OPr') + 3PriOAc + PriOH 


The new crystalline compounds ZrCl(OPr'),,Pr'OH and ZrCl,(OPr'*),,Pr'OH were quanti- 
tatively obtained but the trichloride monoisopropoxide decomposed when dried. It is 


interesting to note that in two reactions above the isopropyl alcohol is the addendum in 
13Q 
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preference to the isopropyl acetate. The apparently inert nature of the alcohol in these 
reactions was further emphasised when addition of acetyl chloride (2 mols.) to the complex 
zirconium isopropoxide (1 mol.) in the presence of (a) 1 mol. or (6) an excess of tsopropy] 
alcohol gave the dichloride diisopropoxide ZrCl,(OPr'),,Pr'OH quantitatively and no 
hydrogen chloride was evolved. However, hydrogen chloride (in excess) reacted readil 
with zirconium isopropoxide as follows : Zr(OPr'),,Pr'OH + 3HC1—»ZrCl,OPr',2P11OH 
2PriOH. The absence of hydrogen chloride in reactions (a) and (6) above can thus 
be explained, since the compounds Zr(OPr'),,PrOH, ZrCl(OPr'),,PrOH, and 
ZrCl,(OPr'),,Pr'OH evidently combine with hydrogen chloride. 

The stoicheiometric nature of these rapid reactions involving acetyl chloride suggested 
that radical interchange must occur between different chloride alkoxides. Thus in one 
preparation of ZrCl(OPr'),,Pr OH from acetyl chloride (1 mol.) and zirconium tsopropoxide 
(1 mol.) the latter was added in two equal portions to the acetyl chloride. A vigorous 
reaction occurred during the first addition and there can be little doubt that at this stage 
the dichloride diisopropoxide ZrCl,(OPr'),,PrOH was formed. Nevertheless after the 
second addition the sole crystalline product was the monochloride ZrCl(OPr'),,Pri'OH. 
Accordingly we investigated the possibility. of radical interchange and this mechanism 
was confirmed by the realisation of reactions which satisfied the requirements of the 
following equations : 


ZrCl,-OEt, EtOAc + ZrCl(OEt), + EtOAc —-> 2ZrCl,(OEt),,EtOAc . (i) 

ZrCl,(OPr'),PriOH + Zr(OPr'),,Pr'OH —> 2ZrCl(OPr'),,PrOH . (ii) 
ZrCl,,2Pr'OAc + Zr(OPr'),,Pr'OH — > ZrCl,(OPr'),,Pr!OH 

ZrCl,(OPr')5,Pr'OAc + PriOAc SS ee ee 


In the experiment (eqn. iii) involving the complex tetrachloride a single crystallisation 
gave a quantitative yield. of the less soluble complex dichloride diisopropoxide 
ZrCl,(OPr'),,Pr'OH. 

Bradley, Hancock, and Wardlaw (J., 1952, 2773) established that titanium tetra- 
chloride readily interchanges with titanium tetra-alkoxides and it is evident that the 
mechanism of radical interchange must play an important part in any reaction in which 
chloride alkoxides of titanium or zirconium are formed [viz., MCl, + 3ROH —~> 
MC1,(OR),,ROH + 2HC1; M(OR), + AcCl— >» MCI(OR), + ROAc; M(OR), + 2HCl 
—>» MC1,(OR),,ROH + ROH). It is noteworthy that radical interchanges involving 
silicon tetrachloride and alkyl orthosilicates only proceed slowly and at elevated temp- 
eratures and it is possible that a change in mechanism occurs on passing from silicon 
to titanium and zirconium. Thus a bimolecular rate-determining step (ia) may be 
involved for silicon : 

(RO),CISi.... Cl : . (ia) 
*SiCI(OR), + RO-—~>SiC(OR), . . . . . . «= (id) 


On the other hand the greater ionic character of Ti-Cl, Ti-OR, Zr-Cl, and Zr-OR bonds 
may favour the following unimolecular mechanism : 


M(OR), == *M(OR); + RO™ } 
MCI,(OR), == *MCI(OR), + cl- J 


Mechanism (ia) would impose considerable steric restrictions on the interchange involving 
silicon compounds and this is in accord with Gerrard and Jones's results (J., 1952, 1690) 
for reactions of silicon tetrachloride with m-, iso-, and sec.-butyl orthosilicate at 150° 
(sealed tube). Only the m-butyl orthosilicate interchanged with the tetrachloride : 
SiCl, + Si(OBu"), —» SiCl,-OBu® + SiCl(OBu"),. Mechanism (ii) should be independent 
of steric factors and it is noteworthy that titanium tetrachloride reacts rapidly with 
titanium primary, secondary, or tertiary alkoxides (Bradley, Hancock, and Wardlaw, 
loc. cit.). The interchange reactions involving different central atoms, e.g., TiCl, + Si(OR),, 
are now being investigated. 


(ii) 
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EXPERIMENTAL 

All-glass apparatus was used, with precautions to exclude moisture. Methods of analysis, 
treatment of solvents and reagents, and preparation of zirconium chloride triethoxide and the 
complex ZrCl,-OEt,EtOAc were reported by Bradley, Halim, and Wardlaw (loc. cit.).  Zir- 
conium isopropoxide, tetra-l-ethylpropoxide, and tetra-fert.-amyloxide were prepared as 
described by Bradley, Mehrotra, and Wardlaw (J., 1952, 2027). The tetra-n-propoxide and 
tetra-n-octyloxide were prepared from the isopropoxide by alcohol interchange. 

Reactions involving Zirconium Alkoxides and Excess of Acetyl Chlovide.—Zirconium iso- 
propoxide. Adding acetyl chloride (7-1 g., 5-5 mols.) in benzene (7-5 g.) to the complex 
isopropoxide, Zr(OPr'),,PriOH (1 mol.) caused a vigorous exothermic reaction. After removal 
of volatile products the solution was allowed to crystallise. The solid product (5-3 g.) was 
dried at room temperature (1 mm.) [Found: Zr, 21-0; Cl, 32-25%; M (cryoscopic in benzene), 
496. ZrCl,,2CH,*CO,C,H, requires Zr, 20-9; Cl, 32-49% ; M, 437). 

Zirconium tetra-n-propoxide. After the vigorous reaction of acetyl chloride (2-4 g., 5-35 
mols.) with zirconium tetra-m-propoxide (1 mol.) in benzene (10 c.c.) the solution was concen- 
trated but did not crystallise. After evaporation to dryness the brown solid (2-1 g.) was dried 
at 80—100°/0-2 mm. Crystallisation from benzene (4-0 c.c.) gave a pale yellow solid (Found : 
Zr, 26-8; Cl, 40-6%; Cl: Zr, 3-90). It appears that the product is mainly the complex tetra- 
chloride, ZrCl,,Pr®OAc (Calc. : Zr, 27-2; Cl, 423%). Further attempts to dry the compound 
led to decomposition. 

Zirconium tetva-n-octyloxide. Acetyl chloride (1-8 g., 7 mols.) was added to zirconium 
tetra-n-octvloxide (1 mol.) in benzene (10 c.c.). After removal of excess of acetyl chloride 
prolonged heating (6 hours at 100 /0O-1 mm.) was necessary to free the product from solvent 
and some decomposition occurred (Found: Zr, 22-5; Cl, 29-1%; Cl: Zr, 3-33. 
ZrCl,,CH,°CO,C,H,,: Zr, 22:5; Cl, 34-8%). 

Zirconium tetra-\-ethylpropoxide. A vigorous reaction occurred between acetyl chloride 
(2-7 g., 5-8 mols.) and zirconium tetra-l-ethyl propoxide in benzene (15c.c.). After evaporation 
to dryness at 100°/0-1 mm. a viscous liquid (1-8 g.) was obtained (Found: Zr, 29-6; Cl, 25-0% ; 
Cl: Zr, 2-18). Although some decomposition had occurred it is unlikely that the Cl: Zr 
ratio exceeded 2-5 in the initial product. 


Calc. for 


Zirconium tetra-tert.-amyloxide. (i) Reaction with excess of acetyl chloride. To freshly 
distilled zirconium f¢evt.-amyloxide (6-4 g., 1 mol.) in benzene (50 c.c.), acetyl chloride (5°57 
mols.) was slowly added and the solution kept at 0°. After 15 mins. the excess of chloride 
was removed and the solution evaporated to dryness at 40°/0-1 mm., giving a yellow powder 
(Found: Zr, 24:7; Cl, 13-39%; Cl: Zr, 1-38. Calc. for a mixture of ZrCl,(OC;H,,), and 
ZrCl(OC,H,,), having Cl: Zr 1-38: Zr, 24:75; Cl, 13-3%]. In view of the incompleteness of 
the previous reaction, a larger excess of acetyl chloride (8-8 mols.) was added to the amyloxide 
(1 mol.) in benzene (70 c.c.) and the temperature allowed to rise to ca. 75°. No hydrogen 
chloride was evolved. After 12 hours the solution was separated from a small residue and 
evaporated to dryness at 40°/0-5 mm., giving a brown powder (5-4 g.) [Found: Zr, 25-7; Cl, 
17-0%; Cl: Zr, 1-70. Calc. for a mixture of ZrCl,(OC,H,,), and ZrCl(OC;H,,), with Cl: Zr 
1-70: Zr, 25-9; Cl, 17-1%]. 

(ii) Equimolecular proportion of acetyl chloride. When acetyl chloride (1-3 g., 1 mol.) was 
added to the amyloxide (1 mol.) in benzene (30 c.c.) the temperature rose rapidly to 40 
The excess of acetyl chloride and solvent were quickly removed and a viscous yellow liquid 
obtained (Found: Zr, 20-4; Cl, 65%; Cl: Zr, 0-82). 

(iii) Preparation of zirconium chloride tri-tert.-amyloxide. Acetyl chloride (1-42 g., 1-38 
mols.) was added to the amyloxide (1 mol.) in benzene (30 c.c.) and the temperature rose to 
40°. Evaporation to dryness under reduced pressure at 60° gave a very viscous yellow liquid 
(5:3 g.) (Found: Zr, 21-1; Cl, 83%; Cl: Zr, 1-007). 

Reactions with zirconium isopropoxide. (i) Preparation of zirconium chloride triisopropoxide 
Acetyl chloride (1-23 g., 1 mol.) reacted vigorously with the complex isopropoxide 
Zr(OPr'),,Pr‘OH (1 mol.) in benzene (50 c.c.). No hydrogen chloride was detected during 
1 hour’s refluxing. Evaporation to dryness at room temperature (0-2 mm.) gave a white solid 
(5-6 g.) [Found: Zr, 25-6; Cl, 9-9; OPr', 64-4. ZrCl(OPr'),,PriOH requires Zr, 25-1; Cl, 
9-7; OPr', 64-9%]. The complex zirconium chloride triisopropoxide (4-5 g.) when heated under 
reduced pressure at 80—90° gave the solvate-free compound. The solid product (3-8 g.) was 
soluble in light petroleum or carbon tetrachloride [Found: Zr, 29-9; Cl, 11-6; OPr', 58-5 
ZrCl(OPr'), requires Zr, 30-0; Cl, 11-7; OPr', 58-3%]. 
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In another experiment zirconium isopropoxide (13-66 g., 1 mol.) was added in two approxi- 
mately equal portions to a solution of acetyl chloride (1 mol.) in benzene (40 c.c.). During 
the first addition a vigorous exothermic reaction occurred in which zirconium dichloride di- 
isopropoxide was undoubtedly formed. After the addition of the remainder of the isopropoxide 
the clear solution was refluxed for 1 hour and then evaporated to dryness at room temp./0-5 mm. 
and gave a crystalline solid (12-8 g.) (Found: Zr, 25-8; Cl, 10-0; OPr', 63-8%). 

(ii) Preparations of zirconium dichloride diisopropoxide. Acetyl chloride (2-9 g., 2 mols.) 
reacted vigorously with the complex isopropoxide (1 mol.) in benzene (100 c.c.) but no hydrogen 
chloride was evolved. The solution was refluxed for 2 hours and then evaporated to dryness 
at 50°/1 mm. The solid product (6-0 g.) crystallised from benzene or carbon tetrachloride 
Found: Zr, 27-0; Cl, 206; OPr', 52-0. ZrCl,(OPr'),,Pr'OH requires Zr, 26-8; Cl, 20-8; 
OPr', 52-1%). 

The same product was obtained when the reactants were mixed in the presence of additional 
isopropyl! alcohol. 

When acetyl chloride (4-1 g., 2 mols.), the complex isopropoxide (1 mol.), and isopropyl 
alcohol (1 mol.) reacted in benzene (20 c.c.), the dichloride diisopropoxide (8-5 g.) was isolated 
(Found: Zr, 26-9; Cl, 20-9%). 

Acetyl, chloride (4-0 g., 2 mols.), the complex isopropoxide (1 mol.), and isopropyl alcohol 
(9-5 mols.) reacted exothermally in benzene (10 c.c.) (no hydrogen chloride evolved), giving 
the dichloride ditsopropoxide (8-8 g.) (Found: Zr, 27-1; Cl, 19-9%). 

(iii) Reaction between acetyl chloride (3 mols.) and zirconium isopropoxide (1 mol.). Acetyl 
chloride (6-2 g.) was added to the complex isopropoxide (10-1 g.) in benzene (15-0 g.) and the 
solution set aside for 2 days, then concentrated at 30—40°/1-0 mm. but the product was still 
liquid (10-2 g.) after 12 hours’ drying. A sample had Cl: Zr = 2-95, which showed that only 
a trace of hydrogen chloride had been evolved. The remainder of the liquid was heated at 
105°/0-5 mm. and gave a fine powder (5-9 g.) (Found: Zr, 35-2; Cl, 24.4%; Cl: Zr, 1-78). 
Thus the primary reaction involved formation of zirconium trichloride isopropoxide which 
decomposed at 105° in the presence of solvent. 

Preparation of Zirconium Trichloride isoPropoxide.—A solution of the complex zirconium 
isopropoxide (6-5 g.) in benzene (28-7 g.) was treated with excess of anhydrous hydrogen 
chloride. The temperature rose rapidly to 45°. Treatment with hydrogen chloride was 
continued until the solution had cooled to room temperature, whereupon it was evaporated at 
+40°, first at the water pump and then at 0-1 mm. for 8 hours. The viscous liquid was set 
aside and slowly deposited a crystalline product which was washed twice with light 
petroleum and dried for 5 hours at 40°/0-1 mm. [Found: Zr, 24-4; Cl, 29-3; OPr', 46-0. 
ZrCl,(OPr!),2PriOH requires Zr, 24:2; Cl, 28-2; OPr', 47-0%]. 

Radical Interchange Experiments.—(i) Reaction between zirconium trichloride ethoxide and 
zirconium chloride triethoxide. The triethoxide (2-06 g., 1 mol.) and the complex ZrCl,(OEt), EtOAc 
(1 mol.) were dissolved in benzene (50 c.c.), and the clear solution evaporated to dryness at 
80°/2 mm. The glassy solid (4-6 g.) (Found: Zr, 32-1; Cl, 23-9. Calc. for a mixture of 
ZrCl,(OEt),, EtOAc and ZrCl,(OEt),: Zr, 31-5; Cl, 24.4%) could not be crystallised from benzene 
(30 c.c.) but did so after addition of ethyl acetate [0-6 g.; sufficient to convert ZrCl,(OEt), 
into ZrCl,(OEt),,EtOAc] and concentration to 15 c.c. The solid product (2-1 g.) was dried at 
room temp./0-5 mm. [Found: Zr, 27-5; Cl, 20-2. ZrCl,(OEt),,EtOAc: Zr, 26-8; Cl, 20-8%]. 

(ii) Reaction between zirconium isopropoxide and zirconium dichloride diisopropoxide. The 
complex isopropoxide (6-4 g., 1 mol.) and complex diisopropoxide ZrCl,(OPr'),,PriOH (1 mol.) 
were dissolved in boiling carbon tetrachloride (40-4 g.). Crystallisation occurred after concen- 
tration to ca. 10 c.c._ The solid product (11-4 g.) was dried at room temp./0-1 mm. for 3 hours 
{Found : Zr, 25-7; Cl, 9-9. Calc. for ZrCl(OPr'),,Pr'OH : Zr, 26°1; Cl, 97%). 

(iii) Reaction between zirconium isopropoxide and the complex ziyconium tetrachloride. The 
isopropoxide (3-1 g., 1 mol.) and the complex tetrachloride ZrCl,,2Pr'OAc (1 mol.) were dis- 
solved in boiling carbon tetrachloride (19-0 g.). The solution was concentrated to small bulk, 
and allowed to crystallise. The crystals (3-0 g.) were washed with carbon tetrachloride and 
dried at 50°/0-1 mm. [Found: Zr, 26-5; Cl, 19-7. Calc. for ZrCl,(OPr'),,PriOH: Zr, 26-8; 
Cl, 20-8%]. 


BIRKBECK COLLEGE, LONDON, W.C.1 Received, August 19th, 1952.] 
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899. The Isomerisation of Deca-2:4-dienoic Acid * in Presence 
of Alkali at 130°. 


By A. Crosstey and T. P. Hitpitcu. 


When deca-2: 4-dienoic acid is heated with potassium hydroxide at 
170—180° the conjugated diene system is moved away from the carboxyl 
group. A complex mixture of diene acids is produced; in this conjugated 
diene unsaturation predominates, although to a minor extent non- 
conjugated diene acids are also present. At equilibrium the main products, 
apart from about 15% of unchanged deca-2: 4-dienoic acid, appear to be 
decadienoic acids with conjugated unsaturation in the 4: 6- and 5: 7- 
positions. 


In earlier communications dealing with the component acids of stillingia oil from the 
seeds of Sapium sebiferum Roxb. and S. discolor (Crossley and Hilditch, J. Sci. Food Agric., 
1950, 1, 292), and with the constitution of the deca-2 : 4-dienoic acid (idem, J., 1949, 
3353) which forms about 5° by weight of the total acids of these oils, it was recorded that 
in alcohol this acid exhibits maximum absorption in the ultra-violet region at about 
260 mp. It was also remarked that when the acid is heated at 170—180° with alkali (as 
required for the spectroscopic determination of linoleic and linolenic acids; Hilditch, 
Morton, and Riley, Analyst, 1945, 70, 68) this absorption band is gradually replaced by 
that with a maximum at 234 my characteristic for conjugated diene unsaturation in an 
aliphatic chain. The present communication deals with further studies of the changes 
involved. 

When a dilute solution of methyl deca-2 : 4-dienoate in ethylene glycol was heated at 
180° with the same proportion of potassium hydroxide (11-7 g. per g. of acid) as that used 
in alkali-isomerisation for spectrophotometric determination of linoleic or similar acids, 
the extinction coefficient at the new band head (234 my) reached a maximum value after 
3 hours. The products then formed were almost completely acidic, less than 1%, being 
neutral: the shift of the absorption band is not therefore due to decarboxylation. The 
acidic products, on fractional distillation at reduced pressure, left about 15% of dark, 
non-volatile, polymerised acids. The distilled acids, apart from traces of acids of low 
molecular weight, were of uniform molecular weight closely approximating to that (168) 
of decadienoic acids; no hydroxy-acids could be detected. The ultra-violet absorption 
curve of the main fraction of the distilled acids showed E}%, 1280 at 234 my and 227 at 
260 mu. The value of E{%, for deca-2 : 4-dienoic acid at 260 my is 1427 (Crossley and 
Hilditch, loc. cit.), whilst E}%, for other decadienoic acids (calculated from that of octadeca- 
9 : 11-dienoic acid) is about 2000. The observed extinction coefficients of the main fraction 
of distilled acids thus correspond approximately with a mixture of about 15°, of unchanged 
deca-2 : 4-dienoic acid and about 60% of other conjugated decadienoic acids, leaving a 
balance of about 25° which presumably consists of decadienoic acids in which the double 
bonds have become non-adjacent. 

Next, the methyl esters of the main fraction of distilled acids were oxidised with 
potassium permanganate in acetone. Quantitative examination of the monobasic acid 
products (cf. p. 4614) indicated that their composition was approximately : 


Acetic Propionic Butyric Pentanoic Hexanoic 
% (by weight) 8 30 27 14 21 
% by (mol.) 11 35 26 12 16 


The molar proportion of hexanoic acid corresponds with the amount of unchanged 
decadienoic acid observed spectrophotometrically in the isomerised products: when this 
is disregarded, the proportions of acids with unsaturation terminating respectively at 
carbon atoms 9, 8, 7, and 6 of the decadienoic chain are roughly 13, 42, 31, and 14%. 


* Geneva nomenclature (CO,H 1). 





4614 Deca-2 : 4-dienoic Acid in Presence of Alkali at 180°. 


Alkali-isomerisation in ethylene glycol at 180° of linoleic (octadeca-9 : 12-dienoic) acid 
gives a mixture of the 9 : 11- and 10 : 12-dienoic acids, whilst linolenic (octadeca-9 : 12 : 15- 
trienoic) acid yields mainly the 10: 12: 14-isomer (Dann and Moore, Biochem. J., 1933, 27, 
1166: Moore, ibid., 1937, 31, 138; 1939, 33, 1635; Kass, Miller, and Burr, J. Amer. Chem. 
Soc., 1939, 61, 482); but no other substantial migration of double bonds appears to take 
place in these instances, although of course the possibility of a minor movement of the 
conjugated systems cannot be wholly excluded without a much more detailed analytical 
study. Thus the behaviour of the octadecapolyenoic acids contrasts sharply with that of 
deca-2 : 4-dienoic acid, and it appears that the terminal carboxy] group in a long-chain 
fatty acid exerts relatively little influence on the mobility of double bonds in the chain if 
the latter are separated from it by several methylene groups. 

A specimen of deca-2 : 4-dienol, prepared by reduction of deca-2 : 4-dienoic acid with 
lithium aluminium hydride, gave in cyclohexane solution an absorption band with a sharply- 
defined maximum (E}{%, 1340) at 231 mu. Replacement of the carboxyl by the carbinol 
group thus displaces the band-head of conjugated dienoic acid at 260 my to the position 
characteristic for the conjugated diene system in an aliphatic chain. 


EXPERIMENTAL 

Methyl deca-2 : 4-dienoate was prepared from stillingia oil as previously described (Crossley 
and Hilditch, J., 1949, 3353). The ester (7 g.) was heated at 175—180° for 3 hours in ethylene 
glycol (400 ml.) in which potassium hydroxide (80 g.) had been dissolved, it having been 
ascertained that after this time the extinction coefficient of the absorption band at 234 mu 
reached a maximum value. The isomerisation was performed in a round-bottomed flask 
attached to an air-condenser and heated in an oil-bath, the flask being frequently shaken to 
ensure complete solution and hydrolysis of the ester. The product was isolated by pouring the 
cooled reaction mixture into water, acidification with dilute sulphuric acid, and extraction of 
the acid products with ether. 

In a preliminary experiment the recovered isomerised acids were converted into methyl 
esters and fractionally distilled at atmospheric pressure through a semimicro fractionating 
column. The esters (2-6 g.) yielded four fractions (in all 1-7 g.), the equivalents of which lay 
between 182-7 and 185-6 (calc. for methyl decadienoate, 182), with a residue of 0-9 g. of 
polymerised material. In a further experiment the acids from the alkali isomerisation of 7 g. 
of methyl deca-2: 4-dienoate were fractionated (without reconversion into esters) under 
reduced pressure; in addition to a first fraction of 0-3 g. (equiv., 160-8) and a polymerised 
non-volatile residue of 1-0 g., there was obtained a main fraction of 5-9 g. (equiv., 168-7. Calc. 
for decadienoic acid, 168). In solution in alcohol this fraction exhibited an absorption band 
in the ultra-violet spectrum with a well-defined maximum at 234 my (£}%, 1280) and E}%, of 
227 at 260 mu. These acids were examined for the presence of hydroxy-acids with negative 
results. 

Oxidation of the Methyl Esters of the Isomerised Acids.—The esters (4 g.), heated under 
reflux in solution in acetone, were oxidised with powdered potassium permanganate (40 g. 
necessary for complete oxidation). The product, after removal of acetone and addition of 
water, was decolorised with sulphur dioxide and the resulting acidic liquor was steam-distilled. 
The dibasic acids in the residual liquid were insufficiently soluble in ether for quantitative 
extraction, and examination of the acidic products was confined to those which were volatile in 
steam. The condensate from the steam-distillation was exhaustively extracted with alcohol- 
free ether, and the bulk of the ether removed; the acids left in a small volume of ether were 
dried (Na,SO,) and then washed into a:small flask connected to a semimicro fractionating 
column, through which they were distilled at atmospheric pressure from an oil-bath which was 
finally allowed to reach 200°, giving the following fractions : 


No g Bath temp Equiv. No g Bath temp Equiv 
0-16 160—180 102-6 4 0-41 190—210 94-9 
0-23 180—185 5-8 5 0-33 Residue 137-0 
3 0-30 185—-190 32.§ 


Fraction 1 (containing small proportions of water and ether) and fraction 2 yielded 
a p-bromophenacy] ester, m. p. 53° {mixed with p-bromophenacyl propionate (m. p. 60°), 56°). 
Fraction 1 was, for purposes of calculation, taken as propionic acid, whilst fraction 2 was 
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calculated from its equivalent as a mixture of propionic and butyric acids. Fractions 3 and 
4 were similarly calculated as mixtures of butyric and valeric acids, whilst the residue was 
assumed to be hexanoic acid. The acids (0-10 g.; mean equiv., 89-2) left in the filtered sodium 
sulphate were calculated as a mixture in the same proportions as those disclosed by the results 
of the fractional distillation. The acid left unextracted in the aqueous liquor and the traces 
which distilled during removal of the ether (together 0-13 g. as acetic acid) consisted largely of 
acetic acid, as shown by the production of ethyl acetate when the potassium salts were warmed 
with ethyl alcohol and sulphuric acid, but minor amounts of propionic acid may also have been 
present. 

The data obtained are thus only sufficient for a rough estimate of the proportions of the 
monocarboxylic acids present, but indicate amounts of the order given on p. 4613 when calculated 
according to the assumptions mentioned. 

Deca-2 : 4-dienol.—Freshly-powdered lithium aluminium hydride (2-2 g.) was heated under 
reflux in carefully dried ether (250 ml.) for 14 hours with occasional stirring, after which deca- 
2: 4-dienoic acid (10 g.) in solution in dry ether (150 ml.) was added during about 15 minutes, 
the mixture being then refluxed with constant stirring for an hour. The cooled mixture was 
slowly added to cold water (500 ml.) to which dilute sulphuric acid was subsequently added 
The ethereal solution so obtained was washed several times alternately with dilute alkali 
solution and with water, whereupon crude deca-2: 4-dienol (8-9 g.) was obtained. On 
fractionation at 0-2 mm. the main fraction (about 80% of the whole) distilled at 67° as a colour- 
less liquid which, in solution in alcohol, showed a marked absorption band in the ultra-violet 
spectrum with maximum at 231 my (E}%,, 1340). 


“1 cm. 


We thank the Colonial Products Research Council for a grant to one of us (A. C.), and for 
authority to publish this paper. 
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900. 4:11: 12-T'ribromofluoranthene. 
By Nem CAMPBELL, W. K. LEADILL, and J. F. K. WILsHrIRe. 


4: 11-Dibromofluoranthene on _ Friedel-Crafts acetylation affords 
12-acetyl-4 : 11-dibromofluoranthene, from which is obtained 4: 11: 12- 
tribromofluoranthene identical with the product obtained by the direct 
bromination of fluoranthene. The structure of the tribromofluoranthene is 
confirmed by oxidation to 4 : 5-dibromophthalic acid. 


SINCE no trisubstituted fluoranthene has been orientated it was decided to determine the 
structure of the tribromofluoranthene, m. p. 204—205°, which is readily obtained by the 
direct bromination of the hydrocarbon (Tobler, Holbro, Sutter, and Kern, Helv. Chim. 
Acta, 1941, 24, 100E). This has been accomplished by an unambiguous synthesis and 
by oxidative degradation. 

4: 11-Dibromofluoranthene (Campbell, Easton, and Rayment, /J., 1950, 2784; 
Hoibro and Tagmann, Helv. Chim. Acta, 1950, 33, 2178) with acetyl bromide and aluminium 
chloride yielded 12-acetyl-4 : 11-dibromofluoranthene (I; R = COMe). The constitution 
of this substance followed from its oxidation with sodium hypobromite to 4 : 11-dibromo 
fluoranthene-12-carboxylic acid (I; R = CO,H) which on debromination with nickel 
aluminium alloy yielded the known fluoranthene-ll-carboxylic acid (II). The acety] 
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compound with sodium azide and trichloroacetic acid readily formed 12-acetamido-4 ; 11- 
dibromofluoranthene (I; R = NHAc). Diazotisation of the derived base by the Hodgson 
Walker method (J., 1933, 1620) followed by treatment with cuprous bromide gave a 
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mixture of tri- and tetra-bromofluoranthenes, whence was isolated a reasonably pure 
tetrabromofluoranthene, m. p. 223—228°, which is patently different from the tetrabromo- 
fluoranthene, m. p. 312°, obtained by the direct bromination of fluoranthene (Tobler et al., 
loc. cit.). This unexpected result is probably due to the liberation of bromine from the 
hydrobromic acid by the sulphuric acid at the temperature (60°) of the experiment. 
Correspondingly, diazotisation at <40°, led to 4: 11 : 12-tribromofluoranthene (I; R = 
Br), identical with that obtained by the direct bromination of fluoranthene. 

From a series of chromic acid oxidations of tribromofluoranthene three products were 
isolated, each in small yield. The first was a tribromofluorenone-1-carboxylic acid (III), 
proving that the bromination had occurred in only two of the benzene nuclei. Another 
was 6: 7-dibromofluorenone-l-carboxylic acid (IV) which is distinguished from the 
tribromo-acid by the ease with which it is esterified by methanol and sulphuric acid: the 
steric hindrance encountered in esterifying 2-bromofluorenone-l-carboxylic acids has 
already been noted (Campbell e¢ al., loc. cit.). In one experiment use was made of this to 
prepare the dibromo-acid in a somewhat impure form by esterifying a mixture of di- and 
tri-bromo-acids, removing unchanged tribromo-acid, and hydrolysing the ester back to the 
dibromo-acid. Decarboxylation of this acid gave 2 : 3-dibromofluorenone. 

Finally, in one experiment, 4 : 5-dibromophthalic acid was obtained, identical with a 
sample prepared by the oxidation of 4 : 5-dibromo-o-xylene. This shows that the original 
tribromofluoranthene contains two of its bromine atoms in the 11 : 12-positions and hence 
must be the 4: 11 : 12-tribromo-compound. Oxidation of any other tribromofluoranthene 
to 4: 5-dibromophthalic acid could occur only by accompanying decarboxylation—an 
improbable event. The isolation of 4 : 5-dibromophthalic acid established the structures 
of acids (III) and (IV) (as shown). 


I-XPERIMENTAI 


Chromatographic experiments were done with B.D.H. chromatographic alumina. Analyses 
were by Drs. Weiler and Strauss, Oxford. 

Acetylation of 4: 11-Dibromofluoranthene.—Dibromofluoranthene (10 g.), acetyl bromide 
(6-80 g.), and carbon disulphide (50 ml.) were stirred at 0° and aluminium chloride (11-0 g.) was 
added during } hour. The mixture was stirred at room temperature for 72 hours, then poured 
into ice-cold concentrated hydrochloric acid. Removal of the carbon disulphide in steam gave 
a crude product (10-9 g.), m. p. 130—145°, after washing with water and drying. This powder 
(5-04 g.) in benzene was passed down a column (26” x }’’), and development with benzene gave 
a colourless zone (A) at the foot, an intermediate yellow zone (B), and an orange zone at the top. 
Zone A gave unchanged dibromofluoranthene (0-08 g.), m. p. and mixed m. p. 195—200°. The 
bottom of zone B gave on elution with benzene 12-acetyl-4 : 11-dibromofluoranthene (0-36 g.), 
yellow prisms (from benzene), m. p. 164—165° (Found: C, 53-6; H, 2-5; Br, 39-6. C,,H,OBr, 
requires C, 53-8; H, 2-5; Br, 39-8%). The middle of the zone was extracted with acetone and 
vielded 1-46 g. of the acetvl compound, m. p. 159—162°, after reduction to small volume. The 
mother-liquors gave a product (0-64 g.), m. p. 120—134°. Similar treatment of the top of the 
zone gave products (0-41 g.), m. p. 148—158°, and (0-77 g.) m. p. 122—142°. The remainder 
of the crude powder (5-89 g.) was similarly chromatographed, and all material of m. p. <153 
from the two experiments was dissolved in benzene and passed down a column 26” x 3”. 
Development with benzene gave the zones A and B as before. Extraction of A with benzene 
and reduction of the solution to a small volume gave what appeared to be a tribromofluovanthene 
(0-02 g.), m. p. 360° (Found: Br, 56-0. C,,H,Br, requires Br, 54-6%), and a little 4: 11- 
dibromofluoranthene. Zone B gave 12-acetyl-4 : 11-dibromofluoranthene (1-38 g.), m. p. 154 
163°, which crystallised from benzene in a purer form (0-92 g.), m. p. 162—164 It forms by 
Brady’s method a 2 : 4-dinitrophenylhydrazone, an orange, non-crystalline solid, after trituration 
with boiling ethanol or acetic acid, m. p. 275—279° (Found: N, 9-8. C,,H,,O,N,Br, requires 
N, 96%). 

An attempt to acetylate 4: 11-dibromofluoranthene as above, but with nitrobenzene as 
solvent, was unsuccessful. 

12-Acetyl-4 : 11-dibromofluoranthene (0-80 g.) was added to a solution prepared by adding 
bromine (6-7 ml.) dropwise to 3N-sodium hydroxide (93 ml.) at 0° with occasional shaking. The 
mixture was stirred vigorously for 22 hours at 60° and filtered. The residue was washed with 
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water and dried, and the yellow powder (0-67 g.) was boiled with benzene and then with 
concentrated hydrochloric acid (50 ml.). The product (0-35 g., 44°) crystallised from benzene 
in pale yellow needles, m. p. 306—308°, and proved to be 4: 11-dibromofluoranthene-12- 
carboxylic acid (Found: C, 51-0; H, 2-1; Br, 39-1. C,,H,O,Br, requires C, 50-5; H, 2-0; Br, 
39-6%). Oxidation for 44 hours gives a 77% yield. Boiling the acid (0-3 g.) with methanol 
(100 ml.) and concentrated sulphuric acid (3 ml.) for 18 hours gives the methyl ester (0-25 g.), 
vellow needles (from methanol), m. p. 190—191° (Found: C, 51-9; H, 2-4; Br, 38-7 
C,,H,,0,Br, requires C, 51-7; H, 2-4; Br, 38:2%). The acid (0-22 g.) was boiled with 10% 
ethanolic potassium hydroxide (100 ml.) and nickel-aluminium alloy (3-5 g.) was added in 
4 portions over 10 minutes. The mixture was boiled for 2} hours, then filtered, and the filtrate 
acidified with hydrochloric acid. Fluoranthene-]l-carboxylic acid (0-05 g.) separated as 
needles (from acetic acid), m. p. 284—287°, undepressed when admixed with an authentic 
sample. The methyl ester, m. p. 93—94° (Found: C, 82-7; H, 5-3. Calc. for C,,H,,0,: 
C, 83-1; H, 47%), also showed no depression when admixed with an authentic sample. 

Attempts to remove the 11-bromine atom by heating the dibromo-acid with copper bronze 
(cf. Rule, Pursell, and Brown, /J., 1934, 168) yielded only unchanged acid. 

Preparation of 4: 11: 12-Tribromofluoranthene.—Powdered sodium azide (0-24 g.) was added 
portionwise to 12-acetyl-4 : 11-dibromofluoranthene (1-00 g.) dissolved in trichloroacetic acid 
(7 g.) at 60°. The solution was kept at 60° for 8 hours and was then poured on ice. 
The precipitate was boiled with ethanol (130 ml.), and the residual 12-acetamido-4 : 11-dibromo- 
fluoranthene (0-33 g.) crystallised from glacial acetic acid in pale yellow needles, m. p. 284—288 
(decomp.) (Found: C, 51-8; H, 2:7; N, 3-2; Br, 38-1. C,,H,,ONBr, requires C, 52-0; H, 
2-7; N, 3-4; Br, 38-2%). The acetamido-compound (0-06 g.) was boiled with constant-boiling 
hydrobromic acid (10 ml.) for 3 hours. 12-Amino-4: 11-dibromofluoranthene hydrobromide 
(0-07 g.) thus obtained was washed with hydrobromic acid and then ether, and dried; it had 
m. p. 245—260° (decomp.) (Found: Br, 51-2. C,,H,)NBr, requires Br, 52-6%). It gave with 
aqueous ammonia (d 0-880) the amine, golden yellow elongated prisms (from benzene or by 
sublimation), m. p. 256—258° (decomp.) (Found: N, 3-8; Br, 42-3. C,,H,NBr, requires 
N, 3-7; Br, 42-6%). 

The amine (0-90 g.) was boiled with glacial acetic acid (12 ml.), and the cooled suspension 
was added at <20° to 5 ml. of a sodium nitrite solution prepared by dissolving sodium nitrite 
(1 g.) in concentrated sulphuric acid (7 ml.). After an hour the suspension was slowly added to 
freshly prepared cuprous bromide (1-5 g.) in constant-boiling hydrobromic acid (20 ml.), at 
<20°. After 4 hour the temperature was raised to 60° and kept thereat for 10 minutes. The 
mixture was then heated to 95° and finally diluted with water (300 ml.) and boiled. The dry 
crude orange product (1-06 g.) was dissolved in chlorobenzene and chromatographed, to give a 
number of products (for details, see W. K. Leadill, Thesis, Edinburgh, 1951) which seemed to be 
mixtures of tri- and tetra-bromofluoranthenes, and a fetrabromofluoranthene, pale yellow needles 
(from benzene), m. p. 223—228° (Found: C, 36-7; H, 1-4; Br, 61-6. C,,H,Br, requires C, 
37-1; H, 1-2; Br, 61-7%). 

The crude amine (0-22 g.) was boiled for 1 hour with acetic acid (20 ml.), cooled to 15°, and 
poured slowly into a solution of sodium nitrite (0-5 g.) in concentrated sulphuric acid (3-5 ml.). 
The mixture was kept for an hour and added to a solution of freshly prepared cuprous bromide 
(1 g.) in constant-boiling hydrobromic acid (15 ml.) at 35°, acetic acid being used for washing 
The solution was allowed to cool to 30° and was then poured into water. The product was 
dried, dissolved in chlorobenzene, and chromatographed on alumina (7’’ x 1”). Development 
with benzene gave a yellow band with no visible separation. The eluate was collected until it 
began to run bright yellow and on evaporation gave a product which crystallised from benzene in 
pale yellow needles, m. p. 206—209°. This was chromatographed on alumina (9’’ x }”) with 
benzene as solvent and developer. Three fractions of the filtrate were removed forming 25%, 
50%, and 25% of the total filtrate. The middle fraction gave pale yellow needles (from 
benzene) of 4 : 11 : 12-tribromofluoranthene, m. p. 208—210-5°, which showed no m. p. depression 
with the tribromofluoranthene obtained by the bromination of fluoranthene (Found: Br, 55-6 
C,,H,Br, requires Br, 54-6%). We noted that the tribromofluoranthene, m. p. 205°, prepared 
by Tobler’s method was not quite pure and even after purification by chromatography and 
recrystallisation had m. p. 208—211°. 

Oxidations of Tribromofluoranthene.—Tribromofluoranthene (10 g.) was boiled for 48 hours 
with sodium dichromate (150 g.) in glacial acetic acid (1500 ml.), and the solution after 
evaporation to half volume was poured into dilute sulphuric acid (1500 ml.) and filtered. The 
filtrate was extracted with ether, and the acidic material extracted from the ether by means of 
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5% aqueous sodium carbonate. Acidification gave 4 : 5-dibromophthalic acid which crystallised 
from water in plates (0-28 g.), m. p. 200—201° (Found: Br, 49-5. Calc. for C,H,O,Br,: Br, 
49-4%), subliming to prisms. m. p. 213°, probably of the anhydride. The methyl ester, needles 
(from methanol), had m. p. 78-—79° (Found: Br, 44-9. Calc. for C,jH,O,Br,: Br, 45-4%) 
alone or mixed with an authentic sample. 

Tribromofluoranthene (10 g.) was boiled for 20 hours with sodium dichromate (100 g.) in 
glacial acetic acid (700 ml.). The solution was filtered hot, evaporated to 200 ml., and poured 
into water (11.).. A pale green solid was slowly deposited, while a sticky solid adhered to the flask. 
The former was boiled with 5°, sodium carbonate solution (500 ml.), and the hot filtrate 
acidified. Recrystallisation of the product from methanol-acetic acid gave 6: 7-dibromo- 
fluorenone-l-carboxylic acid (30 mg.), yellow prisms, m. p. 277—279° (Found: Br, 41-3. 
C,,H,O,Br, requires Br, 41-9%). The filtrate slowly deposited an acid, m. p. 320°, identical 
with that described below. The residue from the hot filtration and from the sodium carbonate 
extraction of the sticky solid was extracted with saturated calcium hydroxide solution 
(2 x 500 ml.). Acidification gave a light yellow acid (1-39 g.) which was boiled with chloro- 
benzene. The insoluble portion was crystallised from ethanol and gave 2: 6: 7-tribromo- 
fluorenone-1-carboxylic acid (90 mg.), yellow, elongated prisms, m. p. 317—320° (decomp.). 
The cooled chlorobenzene solution gave the same acid (0-22 g.), m. p. and mixed m., p. 315 
316° (Found: Br, 51-8. C,,H,;O,Br, requires Br, 52-0%). One sample crystallised from glacial 
acetic acid had m. p. 322——324°. 

Tribromofluoranthene (5 g.) suspended in glacial acetic acid (600 ml.) was boiled with sodium 
dichromate (600 g.) for 16 hours. Acetic acid (450 ml.) was distilled off and the residual solution 
poured into water (1-2 1.). The precipitate was extracted with ether from which an acidic 
substance (0-75 g.) was obtained by means of ammonia and subsequent acidification. The acid 
was boiled with methanol (100 ml.) and concentrated sulphuric acid (5 ml.) for 6 hours. 
Unchanged 2: 6: 7-tribromofluorenone-l-carboxylic acid (0-43 g.), m. p. 305—309°, was 
obtained, and the neutral product in methanol (50 ml.) was hydrolysed with boiling 20% aqueous 
potassium hydroxide (5 ml.) for 3 hours. The mixture was poured into acid, and the resulting 
precipitate extracted with ether from which the acidic portion (45 mg.) was removed with sodium 
carbonate solution. Acidification gave impure 6: 7-dibromofluorenone-l-carboxylic acid, 
m. p. 252—262° (with sublimation), which was decarboxylated by heating it in quinoline (10 ml.) 
at 200° for 1 hour with a trace of copper bronze. Working up in the usual way gave 2: 3-di- 
bromofluorenone, m. p. 203—208°, which was dissolved in benzene and passed down a column 
(12 x 3”). Development with benzene gave a pale yellow lower band which rapidly passed down 
the column. The filtrate was evaporated to small volume and the precipitate crystallised from 
boiling ethanol. A small quantity of 2: 3-dibromofluorenone separated in pale yellow needles, 
m. p. 208—211° (sublimation) (Found: Br, 44:9. C,,;H,OBr, requires Br, 47-3%). 

Oxidation of 4: 5-Dibromo-o-xylene.—4 : 5-Dibromo-o-xylene (1 g.) was heated at 170° with 
nitric acid (d 1-15; 10 ml.) for 7 hours. The crude product was extracted with 5% sodium 
carbonate solution and on acidification gave a solid (0-84 g.) which was dissolved in boiling 
aqueous acetic acid. The solution was cooled somewhat and separated from some high-melting 
material, and when kept, deposited 4: 5-dibromophthalic acid (0-46 g.), which after crystallisation 
from boiling water had m. p. 219-5° (depends on rate of heating) (Found: Br, 50-3. Calc. for 
C,H,O,Br,: Br, 493%). It formed a methyl ester which, crystallised from light petroleum 
(b. p. 40—60°), had m. p. 78—79° (Found: C, 34-9; H, 2-1; Br, 44-7. Calc. for C,)H,O,Br, : 
C, 34:1; H, 2-3; Br, 45-4%). 

Thanks are expressed to the Anglo-Iranian Oil Company Limited for a grant; to the 
University of Edinburgh for the award of a scholarship to one of us (J. F. K. W.); and to 
Imperial Chemical Industries Limited, Billingham Division, for a grant to one of us (W. K. L.). 
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Small and Ubbelohde. 


901. The Inhibitory Effects of Mercury and of Hydrogen in 
the Gas-phase Oxidation of n-Hexane. 


By N. J. H. SMALL and A. R. UBBELOHDE. 


During the initial stages of the oxidation of n-hexane in the region 260-— 

290°, new inhibiting effects have been observed due to mercury atoms and to 

molecular hydrogen. The mercury is oxidised, and its inhibitory action may 

involve a chemical process such as RO, + Hg —-> RO + HgO. Inhibition 

by molecular hydrogen resembles, but is less marked than, the effect 

previously observed in the oxidation of acetaldehyde in the region 120—220°. 

This inhibition is tentatively ascribed to deactivating collisions of an energy- 

rich chain carrier with hydrogen molecules. Both these inhibiting effects 

suggest that a reaction of the type RO$+ RH —» RO-OH + R is a 

critical chain-propagating step in the oxidation mechanism of paraffin 

hydrocarbons. 
A REACTION scheme for the oxidation of gaseous hydrocarbons in the ‘‘ low-temperature ”’ 
region (below about 320°) previously put forward (Ubbelohde, Proc. Roy. Soc., 1935, 
152, A, 354) includes the processes : 


Initiation : RH + X—> R-+ XH ee oe ee 
where X is some hydrogen acceptor which may be an atom or a free radical. 


Main reaction chain : R + O, —> ROZ ie ie be eae 
ROF + RH—»> RO-OH + R ee 


(An asterisk against a radical stresses that an energy content significantly higher than the 
thermal average is important in the reaction.) 


Arguments in support of this scheme frequently involve rather indirect experimental 
evidence. One difficulty in obtaining direct evidence is that initial reaction products 
readily undergo further oxidation and decomposition at the temperatures required to 
establish chain oxidation of the parent hydrocarbon. A suggestive comparison may be 
made with the oxidation of acetaldehyde. This readily occurs at least 80—90° below the 
temperature of oxidation of the hydrocarbon in similar mixtures. An oxidation mechanism 
corresponding to that for the hydrocarbon is generally accepted. It is interesting to 
consider how far the oxidation of the hydrocarbon is determined by the sluggishness of 
specific steps in the reaction chain. 

In its broadest aspects this problem is reviewed elsewhere (Small and Ubbelohde, 
unpublished). The present paper is the outcome of attempts to “ trigger ’’ the initiation 
of reaction chains so as to facilitate step (i) above. A possible method might be to use 
photo-excited mercury atoms. At low pressures, direct collisions between excited mercury 
atoms and hydrocarbons lead to rupture of the C-H bonds with the initial production of 
alkyl radicals (for refs., see Steacie, ‘‘ Atomic and Free Radical Reactions,’’ Reinhold, 
1946). These alkyl radicals should follow a reaction scheme as above. Another method 
might be to add hydrogen to a hydrocarbon + oxygen/nitrogen mixture so as to make use 
of hydrogen atoms produced by the reaction (Cario and Franck, Z. Physik, 1922, 11, 161) 
Hg* + H, —-> 2H + Hg (for discussion on HgH formation, see Laidler, J. Chem. Phys., 
1942, 10, 43; Steacie, Ann. N.Y. Acad. Sci., 1941, 41, 187). Hydrogen atoms (actually 
produced in a discharge tube, and not by mercury) are known to attack hydrocarbons at 
low pressures and liberate in the first instance alkyl radicals as in the reaction RH + H —~> 
H, + R (Badin, J. Amer. Chem. Soc., 1950, 72, 1550). 

Neither of these photochemical methods of “ triggering ’’ could be developed as planned. 
Blank experiments with hydrogen and with mercury (separately or together) added to the 
oxidation mixture showed unexpected inhibiting effects. These are of considerable 
interest for the elucidation of oxidation mechanisms and are discussed below. Analysis 
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showed that the mercury was oxidised, but only during the co-oxidation of hydrocarbon 
molecules. This oxidation is attributed to labile oxygen carriers such as the RO, radical, 
which are destroyed by a process such as RO, + Hg —> HgO + RO. The inhibiting 
effect of hydrogen, though definite, was less marked than in the oxidation of acetaldehyde 
at lower temperatures (Small and Ubbelohde, /., 1950, 723—728). It is attributed to the 
efficiency of collisions with hydrogen for the dispersal of activation energy in labile chain 
carriers such as ROF. 
EXPERIMENTAL 

Procedure.—Since the emphasis of the experiments was on the initial stages of oxidation, a 
flow method was used throughout. In essence, each unit volume of the gas mixtures used 
passes through the reaction chamber in a time determined by its length and cross-section, and 
the volume flow velocity. The temperature of the reaction chamber was thermostatically 
controlled. By analysing the products for various reaction temperatures, the temperature of 
onset of rapid oxidation could be obtained for any given mixture. The time of flow represents 
a ‘dynamic ”’ induction period for the build-up of the oxidation chains at this temperature. 
These dynamic induction periods are easier to control than when “ static ’’ induction periods 
are measured, since the walls of the apparatus reach a stationary state. 

Except in details given below, the general apparatus was as previously described (Small and 
Ubbelohde, loc. cit.). 

To test the action of hydrogen, mixtures of hydrocarbon vapour with constant proportions 
of oxygen and diluent gases such as nitrogen or nitrogen + hydrogen were passed at constant 
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rate through a Pyrex reaction vessel, scrupulously cleaned with hot nitrating acid and washed 
with distilled water before each test. Unchanged hydrocarbon and any reaction products were 
collected in cooled traps, or were scrubbed from the exit gases by bubblers containing distilled 
water. From measurements of the percentage of aldehydes, acids, and peroxides produced, 
the temperature for onset of rapid reaction was obtained under the conditions of the test. 

In other inhibitory studies mercury was introduced by diffusion from a subsidiary vessel 
attached to the main reaction system and heated to various temperatures up to 50°. Mercury 

-and any reaction products containing mercury were collected in the condensing traps and were 
“analysed as described below. 

A pparatus.—The main lines of experimental procedure may be summarised by reference to 
Fig. 1. Mercury was held in a side limb S at a carefully controlled temperature and vaporised 
into the gas flow. The quartz joining tube was used in other experiments not described here. 
It was found essential, particularly in the comparative experiments, to measure the temperature 
of the gases by means of a thermometer placed axially in the gas flow, since the furnace walls, 
though kept at constant temperature electrically, do not respond quickly to changes in a flow 
system. 

Purification of Materials—Commercial n-hexane was kept for at least 10 days over 20% 
oleum with occasional shaking. A black, viscous tar was formed from which the hydrocarbon 
was removed by decantation. The decanted hexane was repeatedly washed with concentrated 
aqueous sodium hydroxide and then gently refluxed with the same reagent. It was washed with 
water and dried (Na,SO,) for 24 hours. Fractional distillation under oxygen-free nitrogen in 
a 16” column packed with porcelain rings gave a middle fraction, b. p. 67-5—68-5°. This was 
held in a carburettor kept in a thermostat at 41° to give a partial pressure of 280 mm. 
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Following methods discussed by Wichers (Rev. Sci. Imstr., 1942, 18, 501), distilled mercury 
was placed in a large Buchner flask and covered with 2n-nitric acid containing a few drops of 
hydrogen peroxide. Filtered air was drawn through this mercury for several days, with 
periodic renewal of the oxidising mixture. Amalgams of base metals are reported to react 
readily under this treatment. The addition of hydrogen peroxide is to ensure the complete 
removal of sulphur compounds in view of their possible action as inhibitors. After this treat- 
ment the mercury was washed, dried, and stored until required. 

Hydrogen, Air, and Nitrogen.—These gases, taken from cylinders, were normally used 
without purification. In a few special experiments they were passed separately through 
quartz tubes heated to 600° and then through liquid-air traps before use. This procedure was 
adopted to remove possible volatile impurities derived from the steel cylinders, but the results 
obtained showed no detectable difference from those in which cylinder gases were used directly. 
Rates of flow of these gases were determined by means of calibrated flow-meters. 

Methods of analysis of peroxide, acids, and aldehydes were as previously described (J., 1950, 
723). 


Results.—(a) Progressive dilution of a reaction mixture with nitrogen. By using apparatus 
similar to that described, but somewhat simpler methods for the collection of products, it 
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was established that progressive dilution with nitrogen raised the temperature of onset of rapid 
oxidation as shown in Fig. 2. 


(b) Comparison of the inhibitory effects of nitrogen and hydrogen. In these experiments, the 
aim was to keep a constant reference mixture and to introduce the diluent gases in corresponding 


proportions so that the total flow rate was the same in both cases. The flow rates were as 


Comparison of effects of nitrogen and hydrogen as diluents. 


mole/sec. x 10°. Area of cross-section of tube 
50 cm.) 


TABLE 1. (Flow rates in 
14-4 sq. cm. Length of tube 


Total Temp. of 

Curve CoH 4, O, N, Diluent flow rate steep rise 
0-316 0-109 0-440 Absent 0-865 264° 
0-316 0-109 0-440 0-469 N, 1-334 280 
0-316 0-109 0-440 0-469 H, 1-334 289 


shown in Table 1. 


In Fig. 3, Curve X shows the oxidation characteristics for a convenient 
reference mixture. 


From Curves Y and Z it is evident that hydrogen has a more powerful 
inhibitory effect on the oxidation of n-hexane than has an equal amount of nitrogen, under the 
same experimental conditions. The temperature of onset of rapid oxidation is almost 10° 
higher in the presence of diluting hydrogen, and the whole reaction curve is displaced to higher 
temperatures. 

Fig. 4 shows the actual yields of oxidation products obtained in these experiments. With 
the reaction mixtures as in Table 1, mixture Y gave J, J, and K as plots of the aldehyde, acid, 
and peroxide content of the condensed material, and mixture Z gave J’, ]’, and K’. The 
amount of each product is seen to be substantially reduced when hydrogen is present in the 
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reaction mixture. It may be significant that the production of peroxides is almost completely 
suppressed. 

(c) Effects of changing the concentrations of hexane and oxygen in the reaction mixture. The 
oxygen concentration could be altered by replacing some of the diluting nitrogen by oxygen. 
As in the experiments with hydrogen, the total diluent concentration was kept constant. 

Table 2 shows the flow rates of the various components used in these experiments, and 
Fig. 5 plots the results obtained. Curve L shows the previously observed oxidation 
characteristics of a reference hexane-oxygen-nitrogen mixture, additional nitrogen being used 
as the inert diluent. The curve rises steeply at 275°, in good agreement with earlier observations 
on the same reaction mixture. When some of the diluting nitrogen is replaced by oxygen, all 
other conditions remaining constant, this curve becomes modified to M. Rather unexpectedly, 
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compared with the same amount of diluent nitrogen, the added oxygen appears to exercise an 
inhibiting effect on the initial stages of the reaction. Rapid oxidation does not set in until a 
temperature of 284° is attained, whereas with diluent nitrogen the same reaction started at 


275°. In these experiments with an oxygen-rich mixture, temperature control during the 


TABLE 2. Variation of oxygen concentration. (Flow rates in mole/sec. x 10%.) 
Diluent 
Curve , O, N; N, O, Total flow rate 
L 27: 0-081 0-325 0-357 - 1-035 
M 272 0-081 0-325 0-183 0-175 1-035 


progress of a run was more difficult than in previous cases. Once oxidation started, a sharp 
temperature rise was noted in the mixture, dense white fumes were emitted from the exit tube, 
and on one occasion a mild thermal explosion occurred at approx. 295°. The overall results 
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seem to involve the action of molecular oxygen as a chain breaker in some initial reaction step 
However, once a sufficient concentration of chain carriers has been built up, oxidation takes 
place at a greater rate than is ever attained in the absence of diluent oxygen. No explanation 
of this effect is attempted here. 

Experimentally the amount of hydrocarbon entering the combustion chamber could be 
varied by changing the temperature of the thermostatted carburettor. Fig. 6 shows that in 
the temperature and concentration range studied any variation of the hydrocarbon concentration 
produces little observable effect on the temperature for onset of rapid oxidation. Table 3 
shows the flow rates for two different hydrocarbon mixtures. The decreased hydrocarbon in 
mixture (b) slightly decreases the total flow rate. This may compensate slightly for a decrease 
in oxidation rate, but the net effect of the change is outside the limits of experimental error. All 
points lie substantially on the same curve. Hence, in these experiments the hydrocarbon 
concentration does not appear to have a critical influence on the temperature required for the 
onset of rapid oxidation. 

(d) The inhibitory action of mercury vapour. In these studies the apparatus used permitted 
analysis of peroxide, aldehyde, and acid content of the condensed material. 
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The reaction mixture consisted of hexane + oxygen + nitrogen in a fixed ratio. Either 
nitrogen or hydrogen was added in equal proportions and the effect of mercury vapour was 
investigated. Table 4 shows the flow rates in these experiments. Mercury inhibited the 


TABLE 3. Variation of hexane concentration. (Flow rates in mole/sec. x 10%.) 
CoH, O, . Diluent N, Total flow rate 
0-272 0-081 2! 0-357 1-039 
0-144 0-081 32% 0-357 0-907 


TABLE 4. 
Reaction mixture, mole/sec. x 108 
(CoH, 0-316, N, 0-44, O, 0-109) Reaction products, g.-equiv. x 10° 
Furnace Total flow Total 
temp Diluent Hg Peroxide Aldehyde Acid product 
0-469 N, -= 3 2-813 19-1 3°5 25-41 
0-469 N, 4 “32 0-818 14-8 3-09 18-71 
0-469 H, 32% 1-02% 5-98 1-7 8°70 
0-469 H, ‘ 0-12 0-373 0-936 1-43 
* The mercury trough was held at 30° in (6) and (d). 


reaction chains in both systems. The overall effect is illustrated in Fig. 7, where the total 
yield of peroxide, aldehyde, and acid is plotted against the reaction temperature. Table 4 
indicates the substantial reduction in each of the reaction products when mercury vapour is 
present in the reaction system at furnace temperatures close to 285°. In these experiments it 
was also established that the inhibition was not sensitive to the exact concentration of mercury 
introduced into the reacting mixture. For brevity, only variations of the mercury concentration 
in a system containing diluting hydrogen will be reported here. 
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The mercury trough S was held at various temperatures. The results shown graphically 
in Fig. 8 for varying concentrations of mercury all fall substantially on the same curve E. 
Curve C plots the oxidation characteristics for the uninhibited reaction. 

Table 5 records detailed analytical data at 285°, z.e., near the bend of Curve E, or just before 
the onset of rapid oxidation, in the presence of mercury. At this critical part of the reaction 
curve minor temperature changes during the progress of a run have an appreciable influence on 
the quantity of oxidation products formed. This probably explains the slight differences in 
the yields of products b, c, and d in Table 5. However, this variation is imperceptible when the 
points are plotted in Curve F. 
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Examination of condensate for compounds of mercury. A detailed examination of the 
condensed reaction products was carried out in an attempt to determine the rdle played by the 
mercury. In particular, it was considered to be of prime importance to establish whether the 
formation of any organo-mercury compounds could account for the observed inhibitions, by a 
radical-removing reaction such as Hg + R——» HgR. Large-scale runs were carried out, and 


TABLE 5 (units as for Table 4). 
Furnace temp. Temp. of Hg bath Peroxide Aldehyde Acid Total product 
(absent) 1-023 5-98 1-7 8-703 
30 0-12 0-373 0-936 1-429 
50 0-05 0-483 0-65 1-184 
0 — 0-516 0-27 0-786 


reaction products were collected in a trap of about 500-c.c. capacity chilled in carbon dioxide— 
alcohol. The condensate normally separated into hydrocarbon and aqueous layers together 
with a sludge containing finely divided mercury. Repeated filtration through sintered-glass 
crucibles removed all traces of the grey sludge containing mercury, and the hydrocarbon and 
the aqueous layer were obtained as clear colourless solutions. 
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The hydrocarbon layer was washed with water to remove all water-soluble compounds and 
was then dried and carefully fractionated, distillation being carried up to 69-5°. A little low- 
boiling material and a considerable quantity of unchanged hexane were collected. The 
undistilled residues of fractionation were concentrated in this process by a factor of about 200. 
To test for the possible presence of mercury alkyls of low volatility, the fractionation residues 
were decomposed by warming with concentrated nitric acid. On dilution of the resulting acid 
solution, spot tests with diphenylcarbazide and p-dimethylaminobenzylidenerhodanine gave 
negative tests for mercury, and it was therefore concluded that the observed inhibition could 
not be explained by mercury compounds in the hydrocarbon layer. On the other hand, the 
clear aqueous layer gave strong spot tests with the above reagents. Hence, mercury compounds 
formed in the oxidation are predominantly confined to the aqueous layer. Benzene, chloroform, 
and ether were tried in turn as extracting agents for mercury compounds in the freshly formed 
aqueous material. Tests with Schiff's reagent showed that a small amount of aldehyde was 
removed in these extractions, but spot tests failed to show traces of mercury compounds in any 
of these solvents. Thus reaction products containing mercury remained strongly held in the 
aqueous solution. 

Gentle heating of the aqueous solution under reduced pressure at 16 mm. removed traces of 
the organic substances referred to above and left a solution with the following properties : 
(i) The purple colour with Schiff’s reagent developed after a short delay. It was equally strong 
in the presence of an equal volume of 10% sulphuric acid, showing the residual aldehyde to be 
formaldehyde (see Egerton, Smith, and Ubbelohde, Phil. Trans., 1935, 234, 433). (ii) The 
aqueous solution liberated iodine from acidified potassium iodide. The yellow coloration was 
equally positive after the solution had been boiled and suggests that the peroxide present is 
stable, and is probably hydrogen peroxide. (iii) Strong tests for mercury were obtained with 
the above spot-test reagents. When the clear solution was boiled a grey deposit of mercury was 
obtained. (iv) The solution had acidic properties. Hence, this mercury compound which is so 
strongly held in the aqueous layer has properties consistent with those of mercury formate. 
Test solutions made up by dissolving either mercuric or mercurous oxide in dilute formic acid 
gave practically identical reactions. 

The most plausible explanation for the formation of mercury formate is that the oxide 
present in the condensed material reacts with formic acid produced in the oxidation and is then 
retained in the aqueous layer as the formate. The decomposition of the solution on boiling can 
be represented by the equations : 

2Hg(H-°CO,), -—> Hg,(H’CO,), + CO, + H’CO,H 
Hg,(H°CO,), —-» 2Hg + H°CO,H + CO, 


The possibility is not excluded, however, that the formaldehyde reduces a soluble salt of 
mercury, such as the acetate, on heating. 

In another experiment freshly formed sludge from a typical run was extracted with aqueous 
formic acid and filtered. The clear solution obtained gave even stronger spot tests for mercury. 
It was decomposed by boiling or on storage for several days and produced a grey mercury 
deposit. This indicates that only some of the oxides of mercury formed when hydrocarbon is 
passed through the reaction tube in the presence of mercury become dissolved. Apparently 
insufficient acid is produced in the oxidation to dissolve all the oxide and therefore much of it 
remains in the mercury sludge. The experiments were repeated in the absence of hexane, all 
other conditions remaining as before. After the run had been in progress for an hour the 
condensed material consisted of distinct globules of metallic mercury. This was extracted as 
before with aqueous formic acid but the clear filtered solution gave only the faintest of spot 
tests for mercury with the reagents mentioned above. 

The important conclusion therefore is that no appreciable oxidation of the mercury takes 
place when hydrocarbon is absent from the reaction mixture. 


DISCUSSION 

All the observations in this paper refer to the tmitial build-up of reaction chains in the 
oxidation of hydrocarbons, t.e., to the transition from the *‘ induction period ’’ to the onset 
of rapid oxidation. This may explain why the various concentration effects observed differ 
from those found in static reaction systems. 

In a typical example, for the mixture F in Fig. 2 the total volume of gas flowing 
29-78 c.c./sec.; cross-sectional area of tube = 11-9 sq. cm.; linear flow rate 

13k 
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29-78/11-9 cm./sec.; length of tube 45 cm. Therefore, each c.c. of gas remains 
45 x 11-9/29-78 = 17-9 sec. in the tube at the temperature of the reaction. Hence, at 
the temperature of onset of rapid oxidation the ‘‘ dynamic "’ induction period is 17-9 sec. 

One difference between static and dynamic induction periods is that in a flow system a 
steady state is set up and that chains from one cross-section in the flow system can diffuse 
into neighbouring cross-sections. 

According to the theory of degenerate chain reactions (Lewis and von Elbe, 
‘“ Combustion, Flames and Explosions of Gases,’’ Acad. Press, N.Y., 1951) the duration of 
the induction period +, in seconds is given by 


, = 81 x 10° x p08 x ©15,0007 (for n-heptane) 
@ =81 x 10°" 


where ¢ is the branching parameter for the multiplying of reaction chains. In systems 
showing two-stage ignition, +, is defined as the time between the beginning of the reaction 
and the appearance of a cool flame; / is the pressure (in atm.) and T is the absolute 
temperature. The inhibiting effects due to mercury and to hydrogen refer to this chain- 
branching process. There is reason to believe that the same step in the reaction chain is 
being affected in both cases, though by different mechanisms. 

Mercury. Here the inhibitory action might in principle be chemical, in processes such as 

R + Hg —~> HgR Ve Ue ot ae ee oe ee 
or RO, + Hg —-> HgO + decomposition products —— 
or it might involve merely an energy-transfer deactivation due to collision with mercury. 

Che lowest excited energy state of the mercury atom is obtained on irradiation with the 
7371-7 A line and lies approx. 38 kcal. above the ground state. As is discussed more fully 
elsewhere (Small and Ubbelohde, unpublished) only reaction (ii) above, which may be 
written R + O,——»> RO# to denote the formation of an energy-rich radical, could be 
sufficiently exothermic to be capable of leading to excitation on collision with mercury 
atoms. However, in view of the evidence for chemical attack on the mercury, the 
possibility of deactivation merely by energy transfer to the mercury from a labile radical 
is an unnecessary hypothesis and is provisionally discarded. 

In spite of careful search no evidence could be found for any attack on the mercury by 
R radicals to form mercury alkyls. Such alkyls are fairly well known (Rice and Polly, 
Ind. Eng. Chem., 1935, 27, 915; Frey and Hepp, J. Amer. Chem. Soc., 1933, 55, 3358) and 
from their properties it would be expected that, if appreciable concentrations accumulate 
in the reaction system, they would have been detected in the collectors. Though the 
present evidence does not exclude the possibility that temporary association occurs in the 
gas phase between the mercury atoms and the R radicals, this possibility must be left for 
further proof. Temporary association would not necessarily seriously affect the oxidation, 
since mercury alkyls probably decompose to give free alkyl radicals in the first instance. 

The quite extensive oxidation of the mercury observed when hydrocarbons are being 
co-oxidised gives strong support that inhibition occurs by some process such as (v) above. 

It has not yet proved possible to investigate the réle of mercury on other oxidations 
such as that of acetaldehyde. In contrast with the present findings at the temperature for 
onset of rapid oxidation, mercury is indifferent as an antiknock (Egerton and Gates, 
J. Inst. Pet. Tech., 1927, 18, 244). It may be that in a system undergoing active oxidation, 
such as the gases ahead of a flame front in the region of ‘‘ knock,’’ the higher temperatures 
and pressures suppress any specific effect due to mercury atoms. 

Hydrogen. The effect due to molecular hydrogen parallels that previously observed 
in the oxidation of acetaldehyde (Small and Ubbelohde, J., 1950, 723). No simple chemical 
explanation can be suggested. From energy considerations a reaction such as 

H, + RO}—> RO-OH+H .. .. » « (a) 


would be not more likely to occur than 


RH + RO} —~> RO-OH + R (b) 
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Even if reaction (a) did occur, the hydrogen atoms produced should, on the basis of present 
knowledge, be able to continue the oxidation chain by producing fresh alkyl radicals 
(Badin, loc. cit.). 

When possible physical explanations are examined, the first point to consider is how far 
the diffusion of an active radical such as R or RO, through the diluent mixture is likely to 
be affected by the change from CgH,, + Nz + O, to CgH,, + Ng + Hg + Og. Ii by any 
process a radical R is produced, after a lapse of time ¢ it will be found in a “ reaction shell "’ 
of radius r where r? = 6Dt (cf. Ubbelohde, Nature, 1933, 131, 328). The effect of 
introducing hydrogen can be qualitatively inferred from a comparison of the diffusion 
coefficients D of the hexyl radical in pure nitrogen and pure hydrogen severally as extreme 
cases. More accurate calculations are not warranted owing to the complexity of diffusion 
in mixed gases. For the binary diffusion coefficients Dj». 


Dyo = (E42 + &42)#/[3x(Ny + Nq)049"] 


where ¢, and é, are the root-mean-square velocities, N, and N, the number of molecules, c.c., 
and oj. the sum of the collision radii (cf. Partington, ‘‘ An Advanced Treatise on Phy sical 
Chemistry,’’ Longmans, 1949). Then 


Dy, (hexyl/nitrogen) ote) 7 (1/2-4 +. +/5-18)? 


0-270 


Dye (hexyl/hydrogen) — (4/3-2 + /5- 8)2 (A + 3) 


[Collision diameters for nitrogen and hydrogen are taken from Schuil (Phil. Mag., 1939, 28, 
683), and those for m-hexyl are assumed equal to those for m-hexane (Cummings, McCoubrey, 
and Ubbelohde, J., 1952, 2725).] 

It is evident that hydrogen increases the size of the reaction cell appreciably. This 
might affect diffusion to the walls, though the difference is hardly large enough to explain 
the effects observed in the mixtures actually used. 

Another way of expressing the influence of hydrogen is to compare, as extreme cases, 
the number of collisions between similar mixtures of hexane with hydrogen and nitrogen 
severally : 

Number of collisions, hexane—nitrogen (VW3-2 + W518)? (As + ADI 


0-344 


Number of collisions, hexane-hy drogen (4/2-4 + +/5-18)? ~~ (3 + oy)! 


Obviously, in the presence of hydrogen the number of collisions with non-reacting species 
increases. The opportunity for disposal of activation energy stored in a radical such as 
RO} must be increased by this fact. 

A suggestive physical réle of hydrogen could be its deactivating influence on an energy- 
rich chain carrier. When the various steps above are examined for heat balance, it seems 
likely that considerable energy is liberated in step (ii), whereas step (iii) proceeds with the 
absorption of energy. Exact values are difficult to establish owing to gaps in our 
knowledge of bond energies, but approximate estimates are discussed elsewhere (Small and 
Ubbelohde, unpublished). As has been previously pointed out (Ubbelohde, loc. cit., 
p. 372), the intervention of an energy-rich chain carrier could explain certain features of the 
low-temperature oxidation of hydrocarbons such as the negative temperature coefficient. 
The new finding that hydrogen acts as an inhibitor lends support to this suggestion. In 
studies of the transition from pseudo-unimolecular to bimolecular thermal decomposition 
of complex molecules, collisions with hydrogen have been found (Hinshelwood, Proc. Roy. 
Soc., 1927, A, 114, 94; A, 115, 223) much more effective than collisions with other atoms 
and molecules such as He, Ng, CO, CO,, CH,, for the activating collision 


Deactivated complex molecule + H, —» Complex molecule* + H, 


The effectiveness of collisions with hydrogen is also established for the activation of 
ethylene vibrations (Richards and Reid, J. Chem. Phys., 1934, 2, 206). Application of 
the statistical principle of ‘‘ detailed balancing ’’ shows that hydrogen must also be much 
more effective than the other molecules in the reverse collision process. 
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Our suggestion is that this explains the inhibiting effect of hydrogen in the early stages 
of hydrocarbon oxidation. Some form of energy-rich RO# radical is produced in step (ii), 
and if this loses its energy of activation before completing step (iii) the reaction chain may 
be partly or wholly broken unless the RO, survives till it again becomes activated. A 
comparatively long survival time of deactivated RO, would explain why inhibition of the 
oxidation chains by mercury is not sensitive to the amount of mercury. 


QUEEN'S UNIVERSITY, BELFAST Received, May 30th, 1952 


902. The Components of Wool Wax. Part I. The Aliphatic 
Alcohols. 


By J. Trept and E. V. TRUTER. 


Five alcohols have been isolated from the unsaponifiable fraction of wool 
wax and identified as n-octadecanol, n-eicosanol, n-docosanol, n-tetracosanol 
and n-hexacosanol. 


It has usually been assumed that the aliphatic alcohols obtained by hydrolysis of wool 
wax are members of the normal series, but this is inadequately substantiated. The 
presence of m-hexadecanol has been demonstrated by Drummond and Baker (J. Soc. 
Chem. Ind., 1929, 48, 2321) but substances such as carnaubyl and cery] alcohols are un- 
doubtedly mixtures (Truter, Quart. Reviews, 1951, 5, 390). The melting points of these 
alcohols and their acetates are 5—10° lower than those of the corresponding »-compounds. 
Matthes and Sauder (Arch. Pharm., 1908, 246, 169) showed that ‘‘ carnaubyl’”’ alcohol, 
m. p. 68°, from laurel oil was a mixture of an alcohol of m. p. of 88° and a hydrocarbon 
of m. p. 69°, but a similar explanation is unlikely in the case of wool wax because its hydro- 
carbon content is estimated at less than 1°, (Daniel, Lederer, and Velluz, Bull. Soc. Chim. 
biol., 1945, 27, 218). 

That the aliphatic alcohols of wool wax may be of considerable complexity is illustrated 
by the facts that Kuwata and Katuno (J. Soc. Chem. Ind. Japan, Suppl., 1938, 41, 227) 
isolated an isomeric C,, alcohol, indicating that a series of branched-chain alcohols might 
be present, and Horn and Houghen (Chem. and Ind., 1951, 670) isolated five long-chain 
|: 2-diols. We now record the separation and characterisation of the five even-numbered 
alcohols from n-octadecanol to #-hexacosanol (cf. Chem. and Ind., 1951, 911), together 
with some evidence for a group of optically active alcohols. 

A solution of commercial wool-wax alcohols (‘‘ Hartolan,’’ Messrs. Croda, Ltd.) in 
benzene—chloroform was added to finely powdered urea which had been moistened with 
methanol. Within 3 weeks, about 19% of the alcohols formed an addition complex with 
urea. When the acetates of the alcohols recovered from the complex were treated three 
times with urea, about one-fifth of them did not form complexes. Such behaviour would 
be expected for 1 : 2-diols because of the conversion of an essentially straight-chain alcohol 
into a branched-chain ester (Truter, J., 1951, 2416). By using the difference in affinity 
of members of a homologous series for urea, the complex was subjected to a 26-stage 
fractional crystallisation from constant-boiling ethanol—benzene. 

The mixed acetates had a slight optical rotation which gradually became concentrated 
in the more soluble fractions, 7.e., those which had a low affinity for urea. The more 
insoluble fractions, in which the n-alcohols occurred, were inactive. That portion of the 
acetates which did not form a urea complex was hydrolysed and the free alcohols chromato- 
graphed on alumina. The fractions that were easily eluted with ether had a higher optical 
rotation than those more strongly adsorbed. Horn and Houghen (loc. cit.) state that the 
more strongly adsorbed diols are optically inactive. Hence, in addition to the n-alcohols 
and the diols, a third series of aliphatic alcohols must be present. 

There was no evidence for the occurrence of m-alcohol higher than hexacosanol. 
Attempts to isolate m-hexadecanol and m-tetradecanol were unsuccessful because of the 
persistent optical activity of the lower fractions. m-Octadecanol, n-tetracosanol, and 
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n-hexacosanol occur in approximately equal quantities; m-eicosanol is rather more 
abundant, and there is about twice as much n-docosanol. Altogether the n-alcohols 
amount to about 10% of the total, the diols to 4%, and the remaining optically active 
fractions to 4%. 

I-XPERIMENTAL 

M. p.s are uncorrected. Microanalyses are by Mrs. Y. Richards (Leeds) and by Drs. Weiler 
and Strauss (Oxford). 

Isolation of the Straight-chain Alcohols.—‘‘ Hartolan ’’ (300 g.) was dissolved in benzene- 
chloroform (1:1; 1200 ml.) and the solution poured on finely powdered urea (450 g.) which 
had been moistened with methanol (90 ml.). After 19 days at room temperature with occasional 
stirring, the complex was filtered off and washed with solvent until the washings were a pale 
straw colour (ca. 500 ml.). The complex was dried and decomposed by water (1500 ml.), and 
the alcohols extracted with ether (750 ml.). The aqueous solution was again extracted with 
ether (250 ml.), and the combined extracts were washed with water (5 x 250 ml.), dried 
(Na,SO,), and evaporated, to yield material (56 g.) of m. p. 59-5—63-5°. 

Removal of Secondary Alcohols.—The alcohols (56 g.) were refluxed with acetic anhydride 
(35 ml.) in pyridine (50 ml.) for 5 hours, the solution was then poured into water, the acetates 
were filtered off, and the residue was dissolved in light petroleum (250 ml.)._ The solution was 
washed with water (4 x 100 ml.), dried (Na,SO,), and decolorised with charcoal (5 g.) at the 
b. p. (2 mins.), giving acetates (51-5 g.), m. p. 39—42°, [a]? +1-38° in CHCl,. A solution of 
these in light petroleum (500 ml.) was poured on finely powdered urea (200 g.), moistened with 
methanol (40 ml.). After 48 hours the complex was filtered off, washed with light petroleum 
(3 x 100 ml.), dried, and decomposed by water (1 1.), and the esters were extracted with ether 
(2 x 250 ml.). The combined ethereal extracts were washed with water (3 x 200 ml.), dried 
(Na,SO,), and evaporated, giving alcohols (36 g.) of m. p. 39—46°, [«]#? +1-0° in CHCl,. The 
light petroleum filtrate and washings were concentrated (400 ml.) and again allowed to react, 
for 24 hours, with urea (20 g.) moistened with methanol (4 ml.), yielding, after recovery as 
above, 1:3 g. of acetates. A third treatment with urea gave only 0-2 g. of acetates. The 
filtrate was washed with water (4 x 200 ml.) and dried (Na,SO,), and the solvent removed. 
The residue (11 g.), m. p. 22—27°, [«]}? +1-9° in CHCl,, consisted mainly of sec.-alkyl acetates. 

A mixture of the combined straight-chain acetates (78 g.) and urea (270 g.) was subjected 
to a 26-stage systematic fractional crystallisation from constant boiling ethanol—benzene. 

Isolation of the Free Alcohols.—The acetate (0-5 g.) was hydrolysed by boiling alcoholic 
potassium hydroxide (25 ml.; 0-25Nn) and the sap. value determined by back-titration. The 
alcoholic solution was then diluted with N-aqueous potassium hydroxide (100 ml.), and the free 
alcohol extracted with ether (100 ml.). The extract was washed with aqueous alkali (4 x 50 
ml.) (to remove the indicator), and then with water (3 x 50 ml.). The solution was dried 
(Na,SO,) and the ether distilled off. 

C.y_-Fraction.—The acetate, recrystallised three times from acetone, had m. p. 63-0° (Found : 
C, 79-1; H, 13-2%; sap. val., 131-3. Calc. for C,,H,,O,: C, 79:2; H, 13-3%; sap. val., 132-2). 
After recrystallisation from acetone the alcohol had m. p. 77-5—80-0° (Found: C, 81-6; H, 
14-1. Calc. for C,,H,;,0: C, 81-6; H, 14:2%) [a-naphthylurethane, m. p. 89-3—90-0° (Found : 
N, 2-5. C3;,H,,O,N requires N, 2-5%); phenylurethane, m. p. 88-7°}. 

C,,-Fraction.—The acetate, recrystallised twice from acetone, had m. p. 57-5° (Found : 
C, 78-9; H, 13-2%; sap. val., 141-3. Calc. for C,,H,,O,: C, 78:7; H, 13-2%; sap. val., 
141-0). The alcohol had m. p. 73-8—74-7° (Found: C, 81-4; H, 13-9. Calc. for C,,H,,O0: 
C, 81:3; H, 14:2%) [a-naphthylurethane, ‘m. p. 88-3—89-1° (Found: N, 3-0. C;,;H,;,0,N 
requires N, 27%); phenylurethane, m. p. 87-4°). 

C..-Fraction.—The acetate had m. p. 49—51° (Found: C, 78-4; H, 13-0%; sap. val., 151-8. 
Calc. for C,,H,,0O,: ‘C, 78-2; H, 13:1%; sap. val., 152-3), and the alcohol, m. p. 69-4—69-9 
(Found: C, 81-2; H, 14-3. Calc. for C,,H,,0: C, 80-9; H, 14:2%) [a-naphthylurethane, m. p. 
86-9—87-1° (Found: N, 2-6. C,,H,;,0,N requires N, 2-8%)]; phenylurethane, m. p. 85-7— 
86-2° (Found: N, 3-1. C,,H,;,O,N requires N, 3-2%). The acid obtained by oxidation of 
the alcohol with chromic oxide in acetic acid had m. p. 78—80°. 

Cy -Fraction.—The acetate had m. p. 41-1—42-0° (Found: C, 77-9; H, 13-0%; sap. val., 
165-0. Calc. for C,,H,,O,: C, 77-6; H, 13-0%; sap. val., 164-8), and the alcohol, m. p. 64-8— 
65-0° (Found: C, 80-5; H, 14-1. Cale. for C,H,O: C, 80-5; H, 14:2%) [phenylurethane, 
m. p. 84-5—85-6° (Found: N, 3-3. C,,H,,O,N requires N, 3-3%)]. 

C,,-Fraction.—The acetate had m. p. 31-5° (Found: C, 77-1; H, 13-0%; sap. val., 178-0. 
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Calc. for Cy,H,,O,: C, 76-9; H, 12-9%; sap. val., 179-5). The alcohol had m. p. 57-1—58-5° 
(Found: C, 79-8; H, 14-0. Calc. for C,,H,,0: C, 79-9; H, 14-2%) and the acid, m. p. 68-4 
68-9° alone or mixed with octadecanoic acid (Found: C, 76-4; H, 12-5. Calc. for C,,H,,0, : 
C, 76-0; H, 12-7%). 


The authors are indebted to Professor J. B. Speakman for his interest, to the International 
Wool Secretariat for financial assistance, and to the Council of Scientific and Industrial Research, 
South Africa, for a research grant (to J. T.). 

TEXTILE CHEMISTRY LABORATORY, 

UNIVERSITY OF LEEDs, LEEDs, 2. [Received, July 4th, 1952.) 


903. Some Derivatives of cis-1: 2:3: 6-T'etrahydrophthalic 
Anhydride. 
By J. E. Git and J. Munro. 

The preparation and properties of the chlorohydrin and epoxide from 
cis-1 : 2: 3: 6-tetrahydrophthalic anhydride and several of its dialkyl esters 
are described. Reactions of the anhydride with chlorine and bromine, and 
preparation of the imide are reported. 


LittLeE has been reported about cis-1 : 2:3: 6-tetrahydrophthalic anhydride (Amnnalen, 
1928, 460, 98: Ber., 1929, 62, 2087) or its derivatives. Some reactions involving the 
ethylenic linkage are now reported. 

Hydrogenation with Raney nickel in dry ethyl acetate gives cis-hexahydrophthalic 
anhydride, which cannot be obtained by direct hydrogenation of phthalic anhydride 
(Adkins, Wojcik, and Covert, J. Amer. Chem. Soc., 1933, 55, 1669). The alkyl esters of 
the unsaturated anhydride are similarly reduced. 

Bromination in chloroform gives 4 : 5-dibromohexahydrophthalic acid and a polymeric 
syrup. Chlorination results in immediate liberation of hydrogen chloride, and an unstable 
polymeric resin containing chlorine is formed. 

Reaction with aqueous ammonia gives the imide. 

Preparation of 4: 5-epoxyhexahydrophthalic anhydride is possible only under 
anhydrous conditions in which rupture of the anhydride ring does not occur. Peracetic 
acid in glacial acetic acid below 30° gives it in 56% yield as a colourless, crystalline com- 
pound. It is soluble in several organic solvents and on warming with water it dissolves 
to give, presumably, the dibasic acid, which then interpolymerises; a syrupy acidic resin is 
isolated on concentration. Alkalis form salts and alcohols form half-esters which then 
polymerise. The polymers produced are all water-sensitive. 

4-Chloro-5-hydroxyhexahydrophthalic anhydride is formed by reaction of the epoxy- 
anhydride in ethyl acetate with hydrogen chloride in ether. 

The epoxides of dialkyl 1 : 2: 3: 6-tetrahydrophthalates are prepared in good yields 
directly by oxidation with peracetic acid or by reaction with hypochlorous acid and then 
dehydrochlorination with alcoholic sodium hydroxide (sodium hypochlorite solution 
causes hydrolysis of the ester groups). Compounds containing the epoxide ring polymerise 
when heated with acid catalysts, e.g., boron trifluoride or perchloric acid, and allyl com- 
pounds do so when heated with peroxide catalysts. It is thus possible partially to 
polymerise such compounds as diallyl and allyl ethyl 4: 5-epoxyhexahydrophthalate 
with boron trifluoride to soft, solvent-soluble, viscous resins which can be rendered insoluble 
by further heating with benzoyl peroxide. 


EXPERIMENTAL 


cis-4 : 5-Epoxyhexahydrophthalic Anhvdride.—cis-1 : 2: 3: 6-Tetrahydrophthalic anhydride 
(40 g.) was added with stirring at <30° (cooling, as necessary) to peracetic acid solution (315 g.) 
(prepared by the method of Findlay ef al., J. Amer. Chem. Soc., 1945, 67, 412), containing 
8-4 g. of per-acid per 100 g. of acetic acid. The anhydride dissolved momentarily with only 
slight evolution of heat and crystals of epoxide were deposited immediately. Next morning 
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the supernatant liquid contained no peracetic acid. The cis-4: 5-epoxy-anhydride, collected 
and dried in vacuo over sodium hydroxide, recrystallised from ethyl acetate as rods (25-0 g.), 
m. p. 204—205° (Found: C, 57-5; H, 4:9. C,gH,O, requires C, 57-1; H, 48%). 

A clear syrup was obtained on removal of the acetic acid from the residual liquor and gave 
an acidic solution on dissolving in water. The epoxide was soluble in ethyl acetate, acetic 
acid, benzene, acetone, or dioxan and was insoluble, or slightly soluble, in ligroin, ether, chloro- 
form, or carbon tetrachloride. 

4-Chloro-5-hydroxyhexahydrophthalic Anhydride.—The epoxy-anhydride in ethyl acetate 
with hydrogen chloride in ether at room temperature gave 4-chloro-5-hydroxyhexahvdrophthalic 
anhydride, rods (from ethyl acetate), m. p. 164—165° (Found: C, 47-0; H, 45; Cl, 17-3. 
C,H,O,Cl requires C, 46-95; H, 4-4; Cl, 17-4%). 

cis-1 : 2: 3: 6-Tetrahydrophthalimide.—The cis-anhydride (50 g.) was heated with 28% 
aqueous ammonia (45 ml.). Water was boiled off during 1 hour and the temperature raised 
to 300° during the next 45 minutes. Distillation gave the imide (36 g.), b. p. 157°/1 mm., 
which crystallised from chloroform as rods, m. p. 136—138° (Found: C, 63-5; H, 6-0; N, 9-3. 
C,H,O,N requires C, 63-6; H, 6-0; N, 9-3%), very soluble in water, alcohol, or chloroform, 
slightly soluble in ether, insoluble in light petroleum 

Bromination.—Bromine (11 g.) in chloroform (25 ml.) was added slowly, with stirring, to 
the tetrahydrophthalic anhydride (10 g.) in chloroform (100 ml.). The temperature rose to 
35—40° after about half the bromine solution had been added and then liberation of hydrogen 
bromide began. The mixture was then cooled to 0°, and the rest of the bromine solution added. 
Concentration gave a mixture of crystals and a syrup. The latter was leached out in cold 
glacial acetic acid. The 4: 5-dibromohexahydrophthalic acid (6-4 g.; m. p. 220°) was soluble 
in hot glacial acetic acid, alcohol, acetone, or hot water, but insoluble in benzene, buty]! acetate, 
or chloroform. Recrystallisation from alcohol—chloroform (1:1) gave rods, m. p. 222—223° 
(Found: C, 29-5; H, 3-2; Br, 48-1. C,H,,O,Br, requires C, 29-1; H, 3-0; Br, 48-5%). The 
acetic acid-soluble fraction (13 g.) was obtained as a water-insoluble yellowish-brown, tacky 
polymer which contained bromine. 

Chlorination.—The cis-tetrahydrophthalic anhydride, when treated with chlorine in chloro- 
form or carbon tetrachloride at —20° to 10°, immediately evolved hydrogen chloride. The 
products were chlorinated polymeric resins and liquid fractions of variable composition, soluble 
in alcohol and containing labile chlorine (they gave sodium chloride on addition of sodium 
hydroxide). Addition of a drop of aqueous sodium hydroxide to alcoholic solutions of the 
liquid fractions evoked a bright red colour, but this disappeared as the alkali was neutralised ; 
the material acted as an indicator until the solution was neutral (phenolphthalein). On storage 
the liquids became insoluble in alcohol. 

The polymeric resinous fractions were also unstable; acidity developed and they were 
sensitive to atmospheric moisture. 

Dialkyl 4: 5-Epoxyhexahydrophthalates (see Tables) from Tetrahydrophthalates.—(a) By 


4-Chlovo-5-hydroxyhexahydrophthalates. 

Found (%): Required (%) : 

B. P- — A c A —= 
(°/mm.) Formula 
152—154/0-5 C,,H,,0,Cl 
146 /0-5 C,eH,,0,Cl 
160/1 CeFe7O,Cl 
186—188/0-4 C,4H,,0,Cl 





Allyl Et 
4: 5-Epoxyhexahydrophthalates. 


Yields (%) Found (%) : 
Method a Method b B. p. (°/mm.) Formula Cc 
= 85 112/0-6 oH 40s 56-8 





82 160—164/0-8 10H, 64:1 

42 133—136 0-3 HO 62-1 

— 141—144/1 C,3H,,0; 62-0 
* Polymers formed. 


c 
90 120/0-3 CigH yO, 59-3 
c 
c 


peracetic acid. The ester (1 mol.) was dissolved in acetic acid containing peracetic acid 
(1-01 mols.) and kept for 20 hours at 20—25°. Acetic acid was removed in vacuo below 50° 
and the dialkyl 4 : 5-epoxyhexahydrophthalate was distilled in vacuo. 
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(b) By hypochlorite. A solution of hypochlorous acid was prepared by passing chlorine into 
a stirred suspension of calcium carbonate (1 part) in ice-water (25 parts) below 3° and added 
at <10° during 20 minutes to a vigorously stirred mixture of the ester with twice its weight 
of water. Stirring was continued for 30 minutes, and the temperature allowed to rise to room 
temperature. Excess of hypochlorous acid was destroyed by sodium sulphite and, after decant- 
ation of the supernatant liquid, the chlorohydrin was extracted from admixed calcium salts with 
ether. The chlorohydrin was converted into the epoxide by addition of the equivalent amount 
of alcoholic sodium hydroxide. After filtration the epoxide purified by distillation. 

RESEARCH DEPARTMENT, NOBEL DIVISION, 

IMPERIAL CHEMICAL INDUSTRIES LIMITED, STEVENSTON. Received, July 4th, 1952.) 


904. The Colour of Organic Compounds. Part VI.* A Com- 
parison of Isomeric Dyes from 3-Alkyl-2-thiothiazolid-4- and -5-ones. 
By R. A. JEFFREYS and E. B. KNoTT. 

meryoCyanines derived from 3-alkyl-2-thiothiazolid-5-ones have been 
prepared.t Their absorption peaks in methanol lie at longer wave-lengths 
than those of the isomeric dyes from 3-alkyl-2-thiothiazolid-4-ones. It is 
shown that this difference is largely a function of the lower degree of energetic 


asymmetry of the former dyes but that the former nucleus has also the 
higher intrinsic colour value. 


Cook and Cox (J., 1949, 2338) have reported the preparation of 3-alky]-2-thiothiazolid- 
5-ones (I; R= Me, Pr') and have shown that these compounds contain a reactive 
nucleophilic C,,) in that they readily condense with benzaldehyde. The compounds are 
isomeric with the 3-alkylrhodanines (3-alkyl-2-thiothiazolid-4-ones) (II) and it was of 
interest to determine the effect of this isomerism on the colour of the derived merocyanines. 

Preparation of (I; R = Me, Et, or cyclohexyl) was carried out according to Cook and 
Cox’s procedure (loc. cit.), but (I; R = n-heptyl) was obtained in better yield by treating 
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the condensation product of N-n-heptylglycine amide and carbon disulphide with phosphorus 
trichloride instead of hydrochloric acid. 


* Part V, J., 1951, 3038. + Some of these intermediates and dyes have been prepared independ- 
ently, and patented, by Doyle (B.P. 662,776) and Doyle, Lawrence, and Kendall (B.P. 662,775) 
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The 3-alkyl-2-thiothiazolid-5-ones are less stable than the corresponding 4-ketones 
and decompose when kept or during attempted recrystallization. They were therefore 
converted into dyes without prior purification. They form stable 4-anilinomethin 
derivatives (III) with N-ethylisoformanilide (cf. Knott, U.S.P. 2,515,878). The mero- 
cyanines were obtained from (I) by standard methods. Some of the related dyes from 
(II) are known, and their absorptions in certain solvents have been recorded by Brooker, 
Keyes, Sprague, van Dyke, van Lare, van Zandt, White, Cressman, and Dent (J. Amer. 
Chem. Soc., 1951, 73, 5332). 

Table 1 gives the absorption maxima of the merocyanines (IV) and (V) derived from 
(II) and (I) respectively. It will be observed that the nature of R is without effect on 
Amax, except where R = Me. As noted by Brooker and White (tbid., 1935, 57, 2480) in 
the cyanine series the N-methyl dyes are perceptibly lighter than the rest of the series 
with Amax., in the present case, lying up to 8 my to shorter wave-lengths. 

It is also evident that, in methanol, dyes (V) are always deeper than (IV). The reason 
may, a priori, be twofold. It may be a result (i) of the resonance system in (V), which is 
responsible for visible absorption, more closely approaching degeneracy than the analogous 
system in (IV) or (ii) of the higher intrinsic colour value * of nucleus (I) compared with 
that of (II). The separation of these two factors is not difficult. 

(i) Brooker et al. (loc. cit.) have shown that merocyanines like many other dyes, contain 
resonance systems which may be divided into three types depending on the natures of 
the end nuclei. The system may be non-degenerate owing to the energy of the classical 
extreme structure being (a) lower or (6) higher than that of the dipolar extreme structure ; 
or (c) the system may be near or accidertally degenerate owing to the approximate 
equivalence in energy of the two extreme structures. Dyes of type (a) contain a basic 
heterocyclic nucleus (A in IV, V) with a low —M effect or a ketonic nucleus of low +M 
effect. The transition from (a) through (c) to (6) can then occur by increasing the +M 
or —M effect of either nucleus. The polarization of the dye molecule can also be increased 
by increasing the polarity of the solvent. 

It is well known that, for closely related dyes in which other factors are neglected, the 
loss of non-degeneracy is always associated with a bathochromic shift (Férster, Z. Elektro- 
chem., 1939, 45, 548; Schwarzenbach, 7b:d., 1941, 47, 40; Brooker and Sprague, J. Amer. 
Chem. Soc., 1941, 63, 3703). Consequently it is found that dyes of type (a) show appre- 
ciable bathochromic shifts as solvent polarity is increased, those of type (c) being much 
less susceptible to solvent polarity changes; dyes of type (6) show hypsochromic shifts 
with increased solvent polarity. All the dyes of type (IV) examined by Brooker et al. 
(loc. cit.) belong to class (a), so that if (i) is correct then it follows that the +M effect of 
(I) is greater than that of (II). This would be expected from the following resonance 
consideration. 

The relative +M effects of (I) and (II) are dependent on the change in energies of 
these nuclei on proceeding from (Va) to (Vb) and from (IVa) to (IVb) respectively. In 
order that (IVd) or (Vd) can contribute it is necessary that the intranuclear resonance 
denoted by the curved arrows in (IVa) and (Va) should be excluded. Such exclusion 
will increase the energy of the nucleus to an extent determined by the degeneracy of this 
intranuclear resonance system. Since the —M effect of nitrogen is much greater than 
that of sulphur the energy associated with the amide resonance in (IV) would be higher 
than that of the thiocarboxylate resonance in (V), and the —M effect of (I) would 
consequently be higher than that of (II). The same conclusion is reached if it is considered 
that the +M effect of the carbonyl group is more highly neutralized by intranuclear 
resonance in (II) than in (I). The electronic influence of the rest of the ketonic nucleus 
on its —M effect may justifiably be left out of the consideration. 

The absorption figures (Table 1) of these dyes in different solvents confirm the correct- 
ness of the above view. In this table the nuclei A are given in the order of increasing 
—M effect (cf. Brooker, Rev. Mod. Phys., 1942, 14, 275; Knott and Williams, J., 1951, 
1586). All the dyes down to those derived from 3-ethylnaphtho(1’ : 2’-4 : 5)thiazoline 


* The intrinsic colour values of two nuclei can only be compared in a degenerate resonance system. 
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show a bathochromic shift of Amax. with increasing solvent polarity, the shift being much 
larger for (IV) than for (V) and thus indicating the higher energetic asymmetry of the 
former. Neglecting the quinoline dyes which are anomalous and proceeding down the 
table to 3-ethyl-4 : 5-diphenylthiazoline show that whereas dyes (IV) have still not 
achieved degeneracy the related dyes (V) have passed beyond the point of degeneracy and 
all show hypsochromic shifts on increased solvent polarity. 

These measurements thus clearly show that differences in the degree of degeneracy 
of the dye pairs at least partly account for their difference in absorption. 

(ii) That there is also a difference in the intrinsic colour value of the nuclei (I) and 
(II) can be shown in two ways. (a) Experimentally, the degenerate value of Amax. of (IV) 
has not been obtained but the calculated value is found as the mean of Amax. of the related 
symmetrical oxonol and carbocyanine (Table 1). This shows that the lower members of 
series (IV) in Table 1 are near-degenerate in aqueous methanol and it also shows that this 
theoretical degenerate value of (IV) still falls short of the maximum experimental values 
of (V). Unfortunately it is not possible to determine the calculated degenerate values of 
(V) because the monomethinoxonol could not be synthesized. Even if it were available, 
however, itS Amax, would be of little value, as the molecule, unlike the oxonol of (II), is 
crowded and cannot be planar. If the calculated mean of Amax. of the symmetrical cyanines 
and less crowded trimethinoxonols is taken as the degenerate values of (IV) and (V), then 
a value is obtained which is much lower than that obtained by the other method and leads 
to positive deviations instead of the usual negative values. (6) True, experimentally 
determined values of Ama,, of the degenerate trimethinoxonol anions of these nuclei show 
that a shift from 613 (Brooker et al., loc. cit.) to 633 my occurs on replacement of (II) by 
(I). The difference in intrinsic colour values of the nuclei in this region of the spectrum 
is thus 10 mu. 

This difference would be predicted by the general colour rule of Part I (J., #951, 1024). 
To apply this rule it is necessary to consider those ionic excited structures in which the 
carbon atoms of the chromophore at which the structural changes take place carry either 
a positive or a negative charge. The more significant pairs of such structures (IVc)— 
(Vc) and (IVd)—(Vd) are then considered. It can be shown that structure (1Vc) is more 
significant than (Vc) in their respective hybrids as a result of the stronger (stabilizing) 
—M effect of the -NR- group in (IVc) compared with the —M effect of the -S- atom in 
(Vc). It can also be shown that owing to the higher +J effect of N compared with S 
the excited structure containing —C,y- in (IV) is also more significant than that containing 
—C,— in (V), so that, although such structures are considered to be less significant than 
(IVc)—(Vc), the above replacement of an —N R- group by —S- will function bathochromically 
irrespectively of the nature of the excited structures chosen. 

This shift will, however, be offset by the reversed structural change at the adjacent 
carbon atom. Thus (IVd@) will be less significant than (Vd) because of the lower (stabilizing) 
positive charge on the heteroatom vicinal to the negatively charged carbon atom. The 
resultant shift on replacing -S— by -NR- will then be hypsochromic. It would be expected, 
however, that the bathochromic effect would predominate since this is a result of a x- 
electron (—M) stabilization whilst the hypsochromic effect is a result of o-electron (—/) 
stabilization. 


EXPERIMENTAL 
Microanalyses are by Drs. Weiler and Strauss, Oxford. M. p.s are uncorrected. 

Alkylaminoacetonttriles.—These were prepared according to the method of Cook and Cox 
(J., 1949, 2334). The alkylamine (1-1 mols.) in methanol (50 c.c.) was added to hydroxy- 
acetonitrile (57 g., 1 mol.) in methanol (50 c.c.), and the solution left for 1 day at room tem- 
perature. The methanol was removed at the pump, and the product distilled under a vacuum. 
The yields were as follows: ethylaminoacetonitrile, b. p. 41—42°/3 mm., 50%; n-heptyl- 
aminoacetonitrile, b. p. 112°/8 mm., 90% (Found: N, 18-0. C,H,,N, requires N, 18-2%); 
cyclohexvlaminoacetonitrile, b. p. 74—76°/1 mm., m. p. 18°, 92% (Found: N, 20-0. C,H,,N, 
requires N, 20-2%) (Zelinsky and Arzibacheff, Ber., 1907, 40, 3053, obtained the hydrochloride 
from cyclohexylamine hydrochloride, formaldehyde, and potassium cyanide). 
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TABLE 2. 
Solvent Appearance F ound, Reqd., 
(recryst.) ¢ (reflex) M. p. Formula N, 9 , % ‘ ; 
4-(3-Methylbenzothiazolin-2-ylidene)-2-thiazolid-5-ones. 
C,H,-pet Red prisms 240 C,,HyON,S, 
EtOH Red needles (green) 176 C,,;H,,ON,S, 





4-(3-Methylthiazolidin-2-yiidene-ethylide “ee 2-thiothiazolid-5-ones 
EtOH Red needles 234 C,,H,,0ON,S, 10-5 
CHCl,—pet Deep pink 230 C HONS, 9-6 
n-C,H,;5 EtOH Red needles (green) 123 C,.H,,ON,S, 
loHexy! C,H,—pet Maroon needles 306 nee 


4-(3-Ethylthiazolidin-2-ylidene-ethylidene)-2-thiothiazolid-5-ones. 
Me C,H,—pet Chocolate needles 216 C wo ;. — 
Et a Deep red prisms 194 CoH, ,.ON, S; . 
cycloHexyl EtOH-Et,O Turquoise-blue 230—231 C,,Hoo! N.S; 
prisms 
2-Thio-4-(1 : 3 : 3-trimethylindolin-2-ylidene-ethylidene)thiazolid-5-ones. 
Me C,H,—pet Yellow-green needles 260 C,;H,,ON,S, 8-2 19-6 
n-Heptyl EtOH Yellow-green needles 117 pet aot —- 15-5 
4(3-Ethylbenzoxazolin-2-ylidene-ethylidene )-2-thiothiazolid-5-ones. 
Me C,H, Red needles 270—271 wn N.S. 85 19:8 
Et C,H,—pet Maroon needles 228 CicHipOe N, a. - 19-1] 
n-C,H,, EtOH Orange-red needles 143 Cy, H,, ,O.N, Se 15-7 
cycloHexyl C,H,-pet Garnet eee 222 C,oHes 0, N, =. - 16-6 
4(3-Ethylbenzothiazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-ones. 
C.,H,N Grey sain 314 C,3H,,ON,S, 
CHCl,—pet Sepia leaflets 255 Cy .H, ON, ‘a “f . 
; EtOH Gold plates 56 C Hs N.S, ? 6-9 23-0 
cloHexy] C,H,—pet Green prisms 217 CyoH ONS, 23-2 
4-(3-Ethylbenzoselenazolin-2-ylidene re ne)-2-thiothiazolid-5-ones. 
C,H,N Grey prisms 308 1st 1g@ON,S,Se “73 
C,H,—pet Sepia needles 257 C eH ON, S.Se 7-0 
EtOH Gold plates 136 C,,H,g.ON.S, »se 6-2 
C,H,-—pet Green prisms 246 C,,H,.ON,S, »se* 6-2 — 
(3-Ethylnaphtho(\’ : 2’-4 : 5)thiazolin-2-ylidene-ethylidene}-2-thiothiazolid-5-ones 
C.,H,N Grey-green prisms 281 Cy9H,,ON.S 5 6-8 - 
C,H,—pet Green-gold 210 C,5;H2g0N,.S, — 20-3 
4-(1-E-thyldihydroquinolin-2-ylidene-ethylidene )-2-thiothiazolid-5-one 
EtOH Green needles 272—-274 C,,H,;ON,S, 8-3 
C,H,—pet Yellow-green plates 241 C,sH,,ON,S, 8-1 - 
sat Gold needles 264° C,,H,,ON,S, 70 16-0 
(3-Ethylbenzoxazolin-2-ylidenebut-2’-en-1’-ylidene)-2-thiothiazolid-5-one 
ox Blue prisms 268 C,,H,,0O,N;S, 7-9 


4-(3-Ethylbenzothiazolin-2-ylidenebut-2’-en-1'-ylidene)-2-thiothiazolid-5-one. 
MeOH Blue-grey 208 C, H..ON,S, 7-6 


5-(3-Ethyl-4 : 5-diphenyloxazolin-2-ylidene-ethylidene)-2-thiothiazolid-4-one. 
C,H,—pet Re i needles (blue) 231 C,,H,.0.N,S, . 14-6 


4-(3-Ethyl-4 : 5-diphenyloxazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-one 
veloHexyl - Red- eronse leaflets 286 CygH,gO,N.S_ — 12-9 


5-(3-Ethyl-4 : 5-di-2’-naphthyloxazolin-2-ylidene-ethylidene)-2-thiothiazolid-4-one. 
Et ai Red needles 225° C,,H,,0O,N,S, 5-2 
4-(3-Ethyl-4 : 5-di-2’-naphthyloxazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-one. 
Et Pa Chocolate-brown 2474 C,,H,,0,N,S, 63 12-1 5-2 12:0 
4-(3-Ethyl-4 : 5-diphenylthiazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-one. 
cvcloHexyl - Green needles 240 C,,H,,ON,S; 5-7 8% 55 8619-0 


* Pet. light petroleum (b. p. 60—80°). * With decomp. ¢ Shrinks at lf 4 Shrinks at 
* Found: C, 47-9; H, 5-0. Reqd.: C, 48-1; H, 5-3%. / Found: x 56-5; H, 4-4. Reqd 
H, 4.4%. 9% Found: C, 60-1; H, 6-0. Reqd.: C, 60-3; H, Found: C, 53-1; 
Reqd.: C, 52-4; H, 48%. 
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Reactions with Alkylaminoacetonitriles (cf. Cook and Cox, loc. cit.).—(a) The alkylamino- 
acetonitrile (1 mol.) in methanol (150 c.c.) was cooled in ice and stirred under an atmosphere 
of nitrogen. Carbon disulphide (76 g., 1 mol.) in methanol (150 c.c.) was slowly added, and 
the solution left for } hour. It was then poured into 4n-hydrochloric acid (1 1.) and shaken 
vigorously for 5 minutes. The 3-alkyl-2-thiothiazolid-5-one separated and was left for several 
hours before being filtered off, washed with water, and dried in vacuo. The yields were: 3-ethyl- 
2-thiothiazolid-5-one, yellow solid, m. p. 63°, 60%; 3-n-heptyl-2-thiothiazolid-5-one, pale 
yeliow waxy solid, indefinite m. p., 40%; 3-cyclohexyl-2-thiothiazolid-5-one, buff needles, 
m. p. 114°, 50%. (These compounds decomposed before analyses could be carried out.) 

(b) n-Heptylaminoacetamide. n-Heptylaminoacetonitrile (47 g.) was dropped into ice-cold 
alcoholic sulphuric acid (8-1 ml. of sulphuric acid in 70 ml. of ethanol) with stirring. The nitrile 
hydrogen sulphate separated as white needles (50 g.), m. p. 134—135° (from ethanol). This 
was added slowly to sulphuric acid (130 ml.) and heated for 1 hour on the steam-bath. The 
liquid was cooled and dropped into ethanol (800 ml.) at 0°. n-Heptylaminoacetamide hydrogen 
sulphate separated as a white solid (61-5 g.) and crystallized from ethanol as colourless needles, 
m. p. 163° (Found: S, 11-9. C,H,,ON,,H,SO, requires S, 11-85%). The amide salt was 
ground and suspended in methanol, and sodium methoxide was added to neutrality to 
phenolphthalein. The solution was then filtered and evaporated at the pump. n-Heptylglycine 
amide solidified and crystallized from ligroin as glossy plates, m. p. 62° (30 g.) (Found: N, 
16-1. C,H, ON, requires N, 16-3%). 

Product from n-Heptylaminoacetamide and Carbon Disulphide.—n-Heptylaminoacetamide 
(30 g.) in methanol (50 ml.) was cooled in ice, and carbon disulphide (13-5 g.) added. The 
product slowly precipitated as a yellow amorphous powder, m. p. 115° (27 g.). This compound 
decomposed on attempted recrystallization from various solvents, and was used directly to 
prepare solutions of 3-n-heptyl-2-thiothiazolid-5-one. 

3-n-Heptyl-2-thiothiazolid-5-one and Dimethinmerocyanine Dycs_ therefrom.—Phosphorus 
trichloride (1-4 g.) was added to the intermediate (2-4 g.) in benzene (12 m.) and the solution 
heated on the steam-bath for 10 minutes, with good mixing. To the resulting gel was added 
ethanol (24 c.c.), triethylamine (4 c.c.), and the appropriate 2-2’-acetanilidovinyl quaternary 
salt of a heterocyclic base (0-01 mol.). The solution was heated for 15 minutes on the steam- 
bath, and then all solvents were distilled off at reduced pressure. The dye was extracted from 
the residual tar with ethanol and allowed to crystallize (see Table 2). 

4-A nilinomethylene-3-ethyl-2-thiothiazolid-5-one.—3-Ethyl-2-thiothiazolid-5-one (0-8 g.) and 
ethylisoformanilide (0-8 g.) were warmed for 1 minute on the steam-bath. Ethanol was boiled 
off, leaving a red solid which was washed with ether and recrystallized from ethanol—ether as 
bright brown needles (1 g.), m. p. 191° (Found: N, 10-5; S, 24-4. C,,H,,ON,S, requires 
N, 10-6; S, 24-2%). 

Dye Syntheses (see Table 2).—meroCyanines were prepared by heating the 3-alkyl-2-thio- 
thiazolid-5-one (0-01 mol.), 2-methylthiobenzothiazole ethotoluene-p-sulphonate (0-01 mol.), 
triethylamine (0-01 mol.), and ethanol on the steam-bath for 15 minutes. The solution was 
chilled and the dye filtered off and recrystallized. Dimethin- and tetramethin-merocyanines 
were prepared by heating the 3-alkyl-2-thiothiazolid-4(or 5)-one (0-01 mol.), 2(or 4)-2’-acetanilido- 
vinyl or 2-4’-acetanilidobutadienyl derivative of a heterocyclic quaternary salt (0-01 mol.), 
triethylamine (0-01 mol.), and ethanol on the steam-bath for 10—20 minutes. The solution 
was chilled and the dye filtered off and recrystallized. 

Bis-[3-ethyl-2-thio-4-thiazolid-5-one)|trimethinoxonol.—3-Ethyl-2-thiothiazolid-5-one (3-22 g.), 
B-ethoxyacraldehyde diethyl acetal (1-74 g.), and triethylamine (1-01 c.c.) in ethanol (20 c.c.) 
were refluxed for 10 minutes on the steam-bath. The green solution was made slightly acid 
with hydrochloric acid. The oxonol (0-8 g.) was obtained by filtering the chilled solution and 
washing the dark crystals with a little ice-cold ethanoi. It could not be recrystallized without 
decomposition from any of the usual organic solvents. 


RESEARCH LABORATORIES, KODAK LAMITED, 
HARROW, MIDDLESEX. (Received, June 18th, 1952 
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905. Chelate Systems. Part I. 
3y T. H. Srmpson and (in part) LINDA GARDEN. 


The application of paper partition chromatography to the study of chelate 
systems is discussed. It has been shown that the pyrone carbonyl group of 
flavones forms stronger hydrogen bonds with the 5- than with the 3-hydroxy] 
group. The ability of the carbonyl group to form bonds with both hydroxyl 
groups simultaneously has been observed and electronic mechanisms are 
suggested. Some previously unreported flavones have been synthesised and 
alternative methods of preparation of some known compounds described. 


CONSDEN, GORDON, and MARTIN (Biochem. J., 1944, 38, 224) have shown that if adsorption 
and diffusion effects are neglected a partition chromatogram may be considered as a 
liquid-liquid extraction system and that in consequence the term 1/Rp — | is directly 
related to the partition coefficient, a. Further, Martin (Symposia Biochem. Soc., 1949, 
3, 4) has considered that the addition of a given group to a solute molecule should change 
In « and hence In (1/Rp — 1), in a manner determined by the natures of the added group 
and the two solvent phases but independent of the nature of the rest of the molecule. 
Bate-Smith and Westall (Biochem. Biophys. Acta, 1950, 4, 427) have proposed the 
symbol Ry for the term log (1/Rp 1) and have shown that analysis of the Ry values of a 
number of naturally occurring phenols supports Martin’s conclusions. 

The aim of the present investigation was to study the usefulness of partition 
chromatography as a simple and direct method of detecting chelation and estimating the 
resulting suppression of hydrophilic behaviour. This is of some importance since the 
accepted methods, e.g., the analysis of infra-red absorption data, the depression of 
melting point on admixture with water, and the consideration of solubilities in polar and 
non-polar solvents, are tedious, demand rigid purification of material, and, for the last two, 
are only qualitative. 

A group of 30 flavones, selected to provide most of the possible combinations of hydroxyl 
and methoxy! substitution in the 3-, 5-, 7-, and 4’-positions, and a few simple phenols have 
been run on paper partition chromatograms. Ry values have been determined, with 
three solvents, under substantially the same conditions as those recommended by 
Bate-Smith and Westall (loc. cit.). The solvents were chosen to give the maximum useful 
spread of Ry values and comprised the water-poor components of the mixtures indicated 
at the foot of Table 1. Ry values numerically greater than +1-19 and —1-09 have been 
ignored since beyond those limits, small errors of Rp measurement involve disproportionate 
errors in Ry. 

From Table 1 it has been possible to calculate ARy values relating to changes in 
molecular structure, e.g., the difference between the Ry values of 7 : 4’-dihydroxyflavone 
no. 2) and 7-hydroxyflavone (no. 1) gives a value for ARy corresponding to the addition of 
a hydroxyl group to the 4’-position of the nucleus. AR y values corresponding to changes 
in the degree of hydroxylation are given in Table 2. 

Comparison of ARy values for the addition of hydroxyl groups to the 7- and the 4’-position 
of the flavone nucleus with the corresponding values for the simple phenols shows that 
hydroxyl groups in these positions make a normal phenolic contribution to chromatographic 
behaviour. The substantial agreement between these figures provides additional 
experimental evidence supporting the theoretical conclusions of Martin and of Consden, 
Gordon, and Martin (loc. cit.). In the case of hydroxyl groups in the 3- or the 5-position, 
however, not only is there a suppression of the normal positive Ry contribution of the 
hydroxyl group, but a negative Ry change is observed. This may be explained by the 
well-known chelation of the 5-hydroxyl group and the not so widely recognised chelation of 
the 3-hydroxyl group with the carbonyl group in position 4. The ring structures thus 
produced are relatively hydrophobic and favour a transfer of solute from the aqueous to 
the organic phase. 

It is unlikely that the van der Waals forces between the organic solvent and the 6- and 
the 5-membered ring are appreciably different in magnitude or that these chelate structures 
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TABLE 1. Ry values of hydroxyflavones and simple phenols. 


ARy in solvent: 
A 





~ 
Compound A 
(a) Flavones. 
7-Hydroxy- 0-71 
7 : 4’-Dihydroay +0-49 
4’-Hydroxy-7-methoxy- -0-70 
7-Hydroxy-4’-methoxy- 0-65 
5 : 7-Dihydroxy- -1*0) 
-Hydroxy-7-methoxy 1-09 
-Hydroxy-5-methoxy- —0-33 
: 7: 4’-Trihydroxy- 0-05 
: 4’-Dihydroxy-7-methoxy- 0-87 
: 7-Dihydroxy-4’-methoxy- 0-90 
-Hydroxy-5 : 7-dimethoxy- 0-29 
: 7-Dihydroxy- —0-82 
-Hydroxy-7-methoxy- »—1-09 
-Hydroxy-3-methoxy- —1-0 
: 7: 4’-Trihydroxy- + 0-30 
: 4’-Dihydroxy-7-methoxy- 0-92 
: 7-Dihydroxy-4’-methoxy- -0-81 
»: 7-Trihydroxy- —0-92 
7-Dihydroxy-3-methoxy- >—1-09 
: 5:7: 4’-Tetrahydroxy- + 0-15 
‘ 
- 


i a 


— 


, 


2 08 me a oH 


OOS | 


‘ 
- 


-Dihydroxy-3 : 4’-dimethoxy- > —- 1-09 
: 5: 7-Trihydroxy-4’-methoxy- 0-86 
-Hydroxy- —0-70 
: 5-Dihydroxy-7-methoxy- -— 1-09 
-Hydroxy-3 : 4’edimethoxy- 1-0 

-Hydroxy-3 : 5-dimethoxy- 0-77 
: 4’-Dihydroxy- 0-92 
5-Hydroxy-4’-methoxy- »—1-09 
4’-Hydroxy-5-methoxy- 0-27 


SS Oe 


(b) Simple phenols. 

Resorcinol —0-06 

4-Methylresorcinol 0-30 

2 : 4-Dimethylresorcinol 0-65 

Phloroglucinol +1-13 >+1-19 

C-Methylphloroglucinol +-Q-82 > +1-19 

C-Dimethy]phloroglucinol +-0-43 + 1-09 + 0-96 

Solvent A: Nitromethane, 100 vols.; water, 100 vols. Solvent B: Benzene, 60 vols.; nitro- 

methane, 40 vols.; water, 100 vols. Solvent C: Benzene, 100 vols.; pyridine, 1 vol.; water, 100 
vols. 


TABLE 2. Values of Ry changes resulting from addition of hydroxyl groups. 
P ARy 
Hydroxyl group Ry derived from Ry’s ¢ s 
added to: of compounds nos. A B 
Flavone. 
7-Position y +1-19 ) Mean, — Mean, — 
+097 5 +1-08 +1-54 +154 +1-42 


4’-Position — +. 1-20 





Mean, +1-55 
‘ 


+ 1-60 f 
1-55 + 1-38 


+1-53 
re 1-54 
5-Position 5— —0Q-2 —0-40 
—0-24 


l 


—(-! 
- iD 4 
—0-63 
—0-58 
—0-48 
—0-52 
—0-03 
Mean, —0-19 
—0-05 —0-14 


—0-39 
—0-52 
—0-22 
—0-38 
3-Position 2—. . +-0-02 
—0-13 


Simple phenol nucleus. 
; 
i Mean, 


“T 1-52 


~_ | | 
on! 
to 


Se een leer Ys OTC 





4640 Simpson and Garden : 

interfere with the normal intermolecular bonding of water molecules to any significantly 
different extent. The fact that the Ry changes caused by the addition of hydroxyl groups 
to position 5 are appreciably higher than to position 3 suggests therefore that the hydrogen 
bonding in the six- is stronger than in the five-membered chelate ring. This is in 
agreement with indirect chemical evidence, ¢.g., the well-known, easier acetylation and 
methylation of the 3-hydroxyl group, and the greater resistance of the 3-methoxyl group 
to demethylation. 

Table 3 gives the values of Ry changes caused by methylation of flavone hydroxyl 

groups. Here again, the difference between the various hydroxyl groups is apparent, 

TABLE 3. Values of Ry changes resulting from the methylation of flavone hydroxyl groups. 
ARs 


\ B 
| 


ARy derived from Ry’'s 
Position of OH of compour 


7- 3 





-1-19 
1-22 
0-92 
—1-14 
—0-95 
1-11 
—1-01 J 
0-67 ) 
+0-58 | 


Mean, _ ot Mean, 


—lll 7h 4g f —1:50 


) . 
| Mean, —1-49 Mean, 
—105 —1-45 —1-46 
—1-43 
+0-90 
0-99 
+0-58 
+0-97 J 


—0- | 
onaite 
=0:30 J 
methylation of the 5-hydroxyl being responsible for a positive ARy and that of the 3-hydroxy] 
a much smaller negative ARy than that caused by methylation of hydroxyl groups in the 
7- or 4’-position. This increase in hydrophilic character may be ascribed to the opening 
of the chelate rings with consequent loss of their characteristic negative ARy contributions. 
Comparison of the ARy values for methylation of the 3-hydroxyl with those for the 
5-hydroxyl group provides further evidence for the suggestion that the carbonyl—5-hydroxyl 
bond is considerably stronger than the carbonyl-3-hydroxyl linkage. In part, however, 
the differences in ARy values resulting from the various methylations may be ascribed 
to the dissimilar Ry contributions of the resulting methoxyl group. This will be discussed 
in a later communication. 


TABLE 4. 


Mean, 


J 
| Mean, 
+0-63 


0-86 


Mean, 
- + 1-44 

10-65 J 

—0O-18 ) 

Mean, 

—0-19 


Mean, 
-0-35 


Mean, 
—0-26 


| 
\ 
t 
—0-19 J 


Ry changes caused by addition of a hydroxyl group to the 5-position if the 
3-position ts already hydroxylated. 
‘ ARy 
ARy derived from ¢ A 
Ry’s of compounds nos. A B 





Mean, 
0-10 


—0-24 
—0-22 
~0-25 


Mean, 
—(-24 


—0-35 > 


-0-40 


] 
Mean, 


0-41 


tu 


0-05 
0-10 
changes caused by addition of a hydroxyl group to the 3-position 
5-position ts hydroxylated. 


‘ 40-10 ) 40-11 ~ 
10 0-04 f 10-17 } 

5 + 0-08 +O-17 
Comparison of the figures in Table 4 with the ARy values given in Table 2 clearly shows 
that the pyrone carbony] group is able to form bonds with both 3- and 5-hydroxy] groups at 
the same time. This recalls the analogous double chelation reported by Flett (J., 1948, 1441) 
for 1 : 8-dihydroxyanthraquinone. In this respect hydroxy-flavones and -anthraquinones 
differ from the simple phenolic ketones, phloracetophenone and 2: 6-dihydroxy- 
acetophenone, which are able to form bonds with only one hydroxyl group at a time. This 
difference may be ascribed to the fact that in the first pair of compounds, but not in the 


j 


of the 


0-48 
Ru 
+0-02 ) 


0-01 
+0-06 


Mean, 
0-07 


Mean, 
+-0-15 


‘ Mean, 
f +0-02 
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second pair, the carbonyl oxygen atom is held centrally in the plane of the ring and may 
therefore be approached simultaneously by both hydroxyl groups. 

The fact that the addition of a hydroxyl group to position 5 causes a decrease, and to 
position 3 an increase, in hydrophilic behaviour provides further evidence supporting the 
suggestion that hydrogen bonding is stronger in the former than in the latter system. 


TABLE 5. Values of Ry changes caused by addition of hydroxyl groups to the 3- and the 
5-posttion of the flavone nucleus. 
Parent structure A 
7-Hydroxyflavone ARy on addition of OH to 5-position —0-29 
" on 0-11 
Expected es a FA -0-40 
Observed (from Ry values of compounds 18 and 1) —0-21 


-Hydroxy-4’-methoxyflavone... Ay on addition of OH to 5-position 0-25 
. 0-16 

Expected . i s ne 0-41 

Observed (from Ry values of compounds 22 and 4) 0-21 
4’-Dihydroxyflavone ARy on addition of OH to 5-position eo 

‘ 0-19 

Expected “ cS 4 P s 0-63 

Observed (from Ry values of compounds 20 and 2) 0-34 

Table 5 gives a comparison of the ARy’s actually resulting from the simultaneous 
addition of hydroxyl groups to positions 3 and 5 of the flavone nucleus with the calculated 
values, on the assumption that no interaction of the chelate systems occurs. This clearly 
shows that the addition of a second chelating hydroxyl group to an existing chelate system 
is accompanied by an overall loss of hydrogen bonding. 

It is now possible to consider the electronic mechanisms responsible for the formation 
of these chelate structures. The bonding of the 5-hydroxyl group is clearly related to the 
well-known hydrogen bonding of o-hydroxy-carbonyl compounds and may be considered 
as arising from the contribution of structure (I) to the resonance state of the molecule. 
The system may, in addition, show some measure of degeneracy in the position of the 
hydrogen atom, but it is unlikely that the resulting energy makes any large contribution 
to the stability of the linkage (cf. Ketelaar, Rec. Trav. chim., 1941, 60, 523). 

The hydrogen bonding between the carbonyl and the 3-hydroxyl group differs from the 
chelation of the 5-hydroxyl group in that there is in the former structure no mechanism for 
the transfer of electrons from the hydroxyl to the carbonyl group. It seems likely that in 
this case the electrostatic attraction constituting the hydrogen bond is established between 
the hydrogen atom carrying a fractional positive charge arising from the —IJ effect of the 
hydroxyl-oxygen atom and the carbonyl-oxygen atom carrying a negative charge derived 
from structure (II) and similar quinonoid contributions from hydroxyl groups ‘in the 
7-, 2’-, and 4’-positions. This formulation is similar to that proposed by Briggs and 
Locker (J., 1951, 3136) to explain why the acidity of 7- or 4’-hydroxyflavonols is higher than 
that of the corresponding flavone derivatives. 


(IT) 

This formulation explains the observation that the carbonyl group chelates more 
strongly with the 5- than with the 3-hydroxyl group; of the structures leading to hydrogen 
bonding, (I) must be expected to make the greatest contribution to the state of the molecule 
since it involves the smallest separation of electrostatic charges. The deduction that the 
simultaneous chelation of 3- and 5-hydroxyl groups is weaker than expected is accounted 
for by the fact that structures (I) and (II) are cross-conjugated, 1.e., that the two chelate 
systems are formed by mutually opposing mechanisms. This may not, however, be the 
the only explanation, since it is also likely that the formation of the first hydrogen bond 
involves a deformation of the electron cloud of the carbonyl-oxygen atom, and renders its 
electrons less available for bonding with the second hydroxy] group. 

13s 
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The compounds required in this investigation were synthesised by the well-known 
oxidative cyclisation of chalkones and Allan—Robinson methods. Towards the end of 
this work the use of the latter procedure was abandoned, since it was found that complete 
hydrolysis of the contaminant 3-acyl derivatives involved serious losses of the required 
flavones. 


EXPERIMENTAL 


(a) Partition Chromatography.—These experiments were carried out according to the general 
procedure of Bate-Smith and Westall (loc. cit.). In order to achieve thorough equilibration of 
the filter-paper strips, the following precautions were observed. The tanks carried dummy 
filter papers which were irrigated by the aqueous phase during a 24-hour equilibration period, 
and the tank walls were swathed with filter-paper saturated with organic phase. The lids of 
the chromatography tanks were fitted into liquid seals to prevent the escape of solvent vapours. 

The filter paper used was Whatman’s No. 1, and the sheets were large enough to accommodate 
all the compounds at the same time, thus avoiding the difficulties of relating Ry values measured 
on different samples of paper. All experiments were carried out at 20° + 0-5°. 

After irrigation of the chromatograms the compounds were located by viewing the papers 
in ultra-violet light and by spraying them with bisdiazotised benzidine solution. 

The flavones studied showed serious “ tailing ’’ on the chromatograms. These slender tails 
were characterised by the sharp leading and trailing edges, and appeared to be due to the low 


Cc D 








tension 




















Meta/ frame 
Oo . \ 











solubility of the compounds investigated in one or both of the liquid phases. Ry values were 
therefore measured at the leading edges of the spots. 

The time-consuming calculation of R, and Ry values was avoided by the use of a 
chromatogram-analysing device based on simple geometrical principles. This is illustrated in 
the Figure and consists of a rectangular metal frame fitted with a swinging arm, A, pivoted at 
one corner, O, and a cursor, B, with a hair-line parallel to the two short sides. The swinging 
arm is a fine steel wire tensioned by a spring-loaded drum E carried on the opposite long side 
and the transparent cursor is engraved to read F?, and Ry. 

The instrument is used by setting the side OC to the line of origin of the chromatogram and 
adjusting the movable drum so that the wire, 4, passes through the point of intersection of the 
side CD and the solvent front. The cursor is moved so that the hair line cuts the spot under 
examination, and R, and Ry values are read directly off the scales at the point of intersection of 
the wire and hair-line. 

In order to avoid resetting the point O to the origin of each succeeding spot in cases where 
the solvent front had not remained parallel with the base line, the cursor was used to help in 
setting the wire correctly. 

(b) Preparation of Compounds for Chromatography.—Unless otherwise indicated, the flavones 
required for this investigation were prepared by methods described in the literature. 

M. p.s were determined with a Kofler block. Analyses were by Drs. Weiler and Strauss. 

4’-Hydroxy-7-methoxyflavone. To a solution of 2-hydroxy-4-methoxyacetophenone (5 g.) 
and p-benzyloxybenzaldehyde (9 g.) in alcohol (100 ml.) aqueous sodium hydroxide (10 g. in 
water, 20 ml.) was added. Next day, the sodium salts were precipitated by the addition of an 
excess of ether, collected, and decomposed with aqueous acetic acid. Recrystallised from 
alcohol, 4-benzyloxystyryl 2-hydroxy-4-methoxyphenyl ketone formed stout yellow needles (7 g.), 
m. p. 126—128°, giving a dark red colour with ferric chloride and alcohol (Found: C, 76-4; H, 
5-6. Cy3H 90, requires C, 76-7; H, 5-6%). This compound (3-5 g.) was dehydrogenated by 
selenium dioxide (re-sublimed, 3-5 g.) in boiling amyl alcohol (50 ml.) during 12 hours. The 
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resulting mixture was filtered and the residue washed with hot amyl alcohol. The combined 
filtrate and washings were steam-distilled to remove the solvent, and the resulting residue 
recrystallised from alcohol. 4’-Benzyloxy-7-methoxyflavone formed lustrous yellow plates 
(3 g.), m. p. 194° (Found: C, 77-1; H, 5-4. (C,,;H,,O, requires C, 77-1; H, 51%). 
Debenzylation of this material (3 g.) was effected by acetic acid (20 ml.) and concentrated 
hydrochloric acid (15 ml.) on the water-bath for l hour. After steam-distillation of the mixture 
and recrystallisation of the resulting residue from alcohol, 4’-hydvoxy-7-methoxyflavone was 
obtained in slender, pale yellow prisms (1-8 g.), m. p. 267°, showing a faint blue fluorescence 
in sulphuric acid (Found: C, 71-2; H, 4:7; OMe, 11-6. C,,;H,O,°OMe requires C, 71-6; H, 
4-5; OMe, 11-6%). The acetate, prepared in pyridine, separated from aqueous alcohol in 
colourless needles, m. p. 153—155° (Found: C, 69-5; H, 4-6. C,,H,,O, requires C, 69-7; 
H, 4:5%). 

4’-Hydroxy-5-methoxyflavone. Condensation of 2-hydroxy-6-methoxyacetophenone (7 g.) 
with p-benzyloxybenzaldehyde (10 g.) and aqueous sodium hydroxide (10 g. in water, 20 ml.) in 
alcohol (75 ml.) during 24 hours yielded 4-benzyloxystyryl 2-hydroxy-6-methoxyphenyl ketone 
(8 g.). Recrystallised from alcohol, this formed yellow plates, m. p. 127—-128°, giving a red- 
brown colour with ferric chloride and alcohol (Found: C, 76-4; H, 5-5. C,,;H,,O, requires 
C, 76-7; H, 56%). Dehydrogenation of this compound (6 g.) was accomplished by heating it 
under reflux for 18 hours with selenium dioxide (6 g.) and amy] alcohol (60 ml.). The resulting 
mixture was worked up in the usual way and yielded 4’-benzyloxy-5-methoxyflavone in pale 
yellow needles (4-5 g.), m. p. 182° (from alcohol) (Found: C, 77-1; H, 5-0. C,,3H,,O, requires 
C, 77-1; H, 51%). This material (3 g.) was debenzylated by acetic acid (26 ml.) and 
concentrated hydrochloric acid (20 ml.) on the water-bath for 1 hour. The resulting mixture 
was steam-distilled to remove benzyl] chloride and excess of acetic acid, and the residue 
recrystallised from alcohol. 4’-Hydroxy-5-methoxyflavone formed pale yellow needles (1-5 g.), 
m. p. 270—271° (Found: C, 71-6; H, 4:5; OMe, 11-4. C,,;H,O,°OMe requires C, 71-6; H, 4-5; 
OMe, 11-6%). The acetate separated from alcohol in colourless rectangular plates, m. p. 184— 
186° (Found: C, 69-4; H, 4:4. C,,H,,O,; requires C, 69-7; H, 45%). Demethylation of the 
above-named ether (1-1 g.) by a boiling mixture of acetic acid (5 ml.) and hydriodic acid (d 1-7) 
(16 ml.) yielded 5: 4’-dihydroxyflavone (0-7 g.) (Syed and Wheeler, /., 1936, 1714), in pale yellow 
needles, m. p. 240°. Methylation of the compound (0-5 g.) with methyl! sulphate (0-25 g.) and 
potassium carbonate in boiling acetone (50 ml.) during 3 hours then yielded 5-hydroxy-4’- 
methoxyflavone in pale yellow needles, m. p. 157—158° (from alcohol). 

7-Hydroxy-3 : 5-dimethoxyflavone. Interaction of 5: 7-dihvdroxy-3-methoxyflavone (3-4 g.) 
(Kalff and Robinson, J., 1925, 181), benzyl bromide (2-25 g.), and excess of anhydrous potassium 
carbonate in boiling acetone (50 ml.) during 8 hours resulted in a product which was worked up 
in the usual way and yielded 7-benzyloxy-5-hydroxy-3-methoxyflavone. Recrystallised from 
alcohol, this formed slender, pale yellow needles (3-9 g.), m. p. 125—127°, and gave a violet colour 
with ferric chloride and alcohol (Found: C, 73-9; H, 4:8. C,,;H,,0, requires C, 73-8; H, 
4-9%). The acetate was prepared in pyridine and separated from alcohol in rosettes of colourless 
needles, m. p. 133—134° (Found: C, 72-4; H, 52. C,,H,.O, requires C, 72-10; H, 48%). 
Methylation of the benzyl ether (2-1 g.) with an excess of methyl sulphate and anhydrous 
potassium carbonate in boiling acetone was complete in 24 hours and yielded 7-benzyloxy-3 : 5- 
dimethoxyflavone. Recrystallised from aqueous alcohol and finally from benzene—light petroleum, 
it formed slender, cream-coloured needles (2 g.), m. p. 123—124-5°, giving no colour with ferric 
chloride and alcohol (Found: C, 74-5; H, 5-4. C,,H,,.O,; requires C, 74:2; H, 52%). 
Debenzylation of this compound (1 g.) by acetic acid (10 ml.) and concentrated hydrochloric 
acid (11 ml.) for 1 hour resulted in a product which on recrystallisation from acetic acid 
yielded 7-hydroxy-3 : 5-dimethoxyflavone in rectangular, cream-coloured plates (0-5 g.), m. p. 
287—-290° [Found: C, 68-8; H, 4:8; OMe, 20:3. C,,H,O,(OMe), requires C, 68-5; H, 4-7; 
OMe, 20-8%]. The acetate, purified by recrystallisation from aqueous alcohol and finally from 
benzene-light petroleum (b. p. 80—100°), formed colourless, felted needles, m. p. 122—122-5° 
(Found : C, 66-7; H, 5-0. C,H,,O, Pequires C, 67-0; H, 4-8%). 

5 : 7-Dihydroxy-4’-methoxyflavone (acacetin). The brown product resulting from the fusion 
of phloracetophenone (5 g.), anisic anhydride (50 g.), and sodium anisate (6 g.) and subsequent 
hydrolysis according to the directions of Robinson and Venkataraman (/J., 1925, 2344) was more 
easily purified by the following modified procedure. The mixture was repeatedly extracted 
with boiling ether, giving a solution which on cooling deposited 3-p-methoxyphenoxy-5 : 7- 
dihydroxy-4'-methoxyfiavone in yellow needles (6 g.)._ Recrystallised from aqueous alcohol, this 
formed pale yellow prisms, m. p. 235°, and gave an intense purple colour with ferric chloride and 
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alcohol (Found: C, 69-1; H, 4:3. C,,H,,O, requires C, 68-9; H, 4:3%). Its diacetate, 
prepared in pyridine, separated from benzene-light petroleum (b. p. 60—80°) in colourless 
prisms, m. p. 205—206° (Found : C, 66-7; H, 4-5. C,,H,,O, requires C, 66-9; H, 4-4%). The 
3-p-methoxybenzoylflavone was hydrolysed by boiling 5% aqueous sodium carbonate for 3 
hours. On being saturated with carbon dioxide, the resulting pale brown solution deposited 
a cream-coloured solid which on recrystallisation from aqueous alcohol yielded acacetin in 
pale yellow, lustrous needles, m. p. 203°. 

3: 4’-Dihydroxy-7-methoxyflavone (cf. Anand, Iyer, and Venkataraman, Proc. Indian Acad. 
Sci., 1949, 29, 203). To a well stirred solution of 4-benzyloxy-2-hydroxy-4-methoxypheny] 
styryl ketone (1 g.) in alcohol (50 ml.) and aqueous sodium hydroxide (5g. in 15 ml. water), 
hydrogen peroxide was added until the violent reaction ceased and a clear, pale yellow solution 
solution was obtained. The solid precipitated on acidification was recrystallised from acetic 
acid. 4’-Benzyloxy-3-hydroxy-7-methoxyflavone formed pale yellow, irregular prisms (0:8 g.), 
m. p. 175—176°, giving an apple-green fluorescence with sulphuric acid and a dark violet colour 
with ferric chloride and alcohol (Found: C, 73:5; H, 4-9. C,,;H,,0,; requires C, 73-8; H, 
4-9%). Its acetate separated from alcohol in colourless, lustrous plates, m. p. 162° (Found: 
C, 71:9; H, 4:9. C,;H,O, requires C, 72-1; H, 48%). This compound (1-1 g.) was 
debenzylated by acetic acid (20 ml.) and concentrated hydrochloric acid (15 ml.) on the steam- 
bath for 1 hour. 3: 4’-Dihydroxy-7-methoxyflavone separated from alcohol in yellow needles 
(0-65 g.), m. p. 270° (decomp.). 

3: 7-Dihydroxy-4’-methoxyflavone (cf. Nadkarni and Wheeler, /J,., 1938, 1320). 4-Benzyloxy- 
2-hydroxypheny] 4-methoxystyryl ketone (Mahal, Rai, and Venkataraman, J., 1935, 866) (1 g.) 
was oxidised as in the previous experiment. 7-Benzyloxy-3-hydroxy-4'-methoxyflavone crystallised 
from alcohol in slender, pale yellow needles (0-8 g.), m. p. 195°, giving a green-brown colour 
with alcohol and ferric chloride and a green fluorescence with concentrated sulphuric acid 
(Found: C, 73-4; H, 5-0. C,,;H,,0, requires C, 73-8; H, 49%). The acetate crystallised from 
alcohol in colourless, rectangular plates, m. p. 171—173° (Found: C, 71-8; H, 4-8. C,,;H,,O, 
requires C, 72:1; H, 4:8%). On debenzylation with acetic acid (20 ml.) and concentrated 
hydrochloric acid (15 ml.) on the water-bath for 1 hour, this compound (3 g.) yielded 3 : 7-di- 
hydroxy-4’-methoxyflavone in cream-coloured needles (1-9 g.), m. p. 286—290°, from methyl 
alcohol. 
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906. Compounds of Curcumin and Boric Acid. Part I. 
The Structure of Rosocyanin. 
By G. S. Spicer and J. D. H. STRICKLAND. 


Ktosocyanin, the compound formed when curcumin reacts with boric acid 
in the presence of a mineral acid, has been shown to contain two curcumin 
molecules co-ordinated around a boron atom, associated with one equivalent 
of an anion. The probable structural formula and electronic configuration 
of the molecule have been suggested on the basis of spectrophotometric, ion- 
exchange, and other studies. 


Tue red coloration when turmeric extract or its ative principle curcumin reacts with 
boric acid is the basis of the most sensitive spot test for boron. This reaction is increasingly 
important in agricultural and metallurgical analysis, techniques based on that used by 
Naftel (Ind. Eng. Chem., Anal., 1939, 11, 407) being, in our opinion, the most satisfactory. 
Such methods are, however, still empirical and occasionally erratic. It is therefore 
desirable to know the structure of rosocyanin, the red compound formed. 

Early work, e.g., that by Schlumberger (Bull. Soc. chim., 1866, 5, 194) or Ivanow- 
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Gajowski (Ber., 1872, 5, 1103) with impure curcumin, or that by Clarke and Jackson 
(Amer. Chem. ]., 1908, 39, 696) in which they assumed an incorrect formula for curcumin 
and believed rosocyanin to be an isomer of it, is of little value. We have been unable to 
repeat many of Clarke and Jackson’s results and, in particular, find rosocyanin to contain 
boron. The present paper reports the application of, mainly, physicochemical tech- 
niques to supplement analytical findings. 

The structure (I) put forward for curcumin by Heller (Ber., 1914, 47, 887, 2998; 1917, 
50, 1244) and Ghosh (J., 1919, 115, 292) has been confirmed by infra-red studies 
(see Part III, p. 4653). The presence of the enolic $-diketone group is significant as 


MeO _ _OMe 
HOG ‘\—CH:CH-C(OH):CH-CO-CH:CcH—-Z Son (1) 


this group, or an amino-form (in which NH, replaces OH) occurs in all common 
absorptiometric reagents for boron, e.g., quinalizarin derivatives, dianthrimide etc. This 
was recognised by Korenman (Zh. An. Khimi, 1947, 2, Pt. 3, 153) who queried the current 
assumption that rosocyanin contained no boron and postulated that it consisted of a 
boron atom combined with one curcumin molecule. 

As would be expected if the $-diketone group is the reactive unit, curcumin will not 
combine with boric acid if the carbonyl group is blocked by, for example, hydroxylamine. 
For less obvious reasons, there is no apparent reaction if the two phenolic hydroxyl groups 


are methylated, etc. It is hoped to study later the behaviour of substituted curcumin 
and allied compounds. 


EXPERIMENTAL 
Curcumin, prepared by British Drug Houses Ltd., had m. p. 181—182° and was probably 
-99-5% pure. : 

Rosocyanin.—Clarke and Jackson’s method (loc. cit.) was modified as follows. To curcumin 
(4 g.) and boric acid (4 g.), dissolved in absolute alcohol (80 ml.), concentrated sulphuric (2 ml.) 
or hydrochloric acid (30 ml.) was added. After 3 hours’ boiling under reflux the solution was 
poured into water (400 ml.), and the precipitated solid filtered off, dried at 100°, and extracted 
with ether until colourless. Pouring its solution in the minimum volume of cold pyridine into 
ten times the volume of benzene precipitated rosocyanin, which was filtered off, re-extracted 
with ether, and dried at 150°. 

Rosocyanin is a dark green powder with a metallic reflex. It decomposes at ca. 250° with- 
out melting. It is insoluble in water or non-hydroxylic solvents, such as benzene, carbon 
tetrachloride, and ether, and gives in alcohols, deeply coloured solutions, although it is only 
about 0-01% soluble. The greatest solubility is in pyridine and molten phenol (0-5—1%) and in 
concentrated sulphuric or acetic acid, but the acid solutions are unstable. Rosocyanin solutions 
are slowly hydrolysed by acid or alkali if water is present. This is most pronounced with alkali, 
and we confirm Clarke and Jackson’s findings that curcumin is the main product. In acid 
rosocyanin has a characteristic crimson-red colour which changes to blue-green on basification. 

Analyses. Boron was determined on an aliquot of the solution obtained after wet oxidation 
of 0-1 g. of rosocyanin with hydrogen peroxide in 2-5N-sodium hydroxide, essentially by Naftel’s 
method (loc. cit.); the remainder of the solution was used for the determination of chloride or 
sulphate. The sulphate was reduced by Luke’s method (Analyt. Chem., 1949, 21, 1369) to 
hydrogen sulphide which was determined absorptiometrically as Lauth’s violet (cf. Polson and 
Strickland, Analyt. Chim. Acta, 1952, 6, 452). Chloride was titrated with mercuric nitrate with 
diphenylcarbazide as indicator. Control experiments were carried out on similar weights of 
pure curcumin. 

The curcumin content was determined after gentle hydrolysis. A dilute rosocyanin solution 
of known boron concentration was hydrolysed by warm 0-5n-alcoholic potassium hydroxide 
until the blue colour changed completely to yellow. The identity of the curcumin formed was 
confirmed, and its concentration estimated quantitatively, from the absorption spectrum of the 
resulting solution. 

For direct cryoscopic determination of molecular weight phenol was the most suitable solvent, 
but even with it the extremely small depression (ca. 0-05°) necessitated the rigorous exclusion of 
moisture (by anhydrone and silica gel). 


For rvosocyanin chloride were found: C, 64-5; H, 5-25; B, 1-33; Cl, 43%; curcumin, 
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mols. per atom of B, 2-1; M, 800 + 150 (C,,H;,0,,CIB requires C, 64-6; H, 4-9; B, 1-38; 
Cl, 4.5%; curcumin, mols. per atom of B, 2-0; M, 781). 

For rosocyanin sulphate hydrate (stable at 150°) were found: C, 61-6; H, 5-45; SO,”, 
6-1% ; curcumin, mols. per atom of B, 2-11; M, 590 (Cg,H,,0,,B,,H,SO,,2H,O requires C, 62-2; 
H, 4:95; SO,”, 5-9% ; curcumin, mols. per atom of B, 2; apparent M, 541). Molecular ratios are 
of greater significance (Found: B: curcumin : SO, = 2: 4-22: 1-02. Required: 2:4: 1). 


Fic. 1. Absorption spectra of curcumin and its derivatives in 2-0 x 10-m-solution (l-cm. cell). 
a, Curcumin. b, Curcumin in excess of alkali. c, Phenolic solution containing acid. d, Curcumin 
in dilute alkali. -—~-, Beryllium—curcumin complex 
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Fic. 2. Absorption spectra of 1-0 « 10-m-vosocyanin (1-cm. cell). 
a, Acid rosocyanin ; -—--, first neutralisation stage; .. . ., second neutralisation stage. 6b, Fully 
alkaline rosocyanin. c, Curcumin in acidic phenol (2-0 x 10%m). d, Curcumin in neutral alcohol 
(2 « 10m) 


Absorption Spectra.—These were measured with a Uvispek spectrophotometer, at the 
concentrations shown, with l-cm. cells and absolute ethyl alcohol as solvent. Spectra for 
2 x 10~5m-curcumin solutions are shown in Fig. 1. The two spectra of the alkaline solutions 
correspond respectively to the blood-red solution obtained when only a trace of alkali is present 
and to the more orange solution found with excess of alkali. Curcumin also becomes red in 
acidic alcohol, especially under nearly anhydrous conditions. In dry molten phenol containing a 
trace of a strong acid (e.g., perchloric) this colour change is most marked, the solution being 
reddish-purple. The purple solutions decompose fairly rapidly, and the spectrum shown by 
curve c is only approximate 
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Rosocyanin absorption spectra (Fig. 2) were the same for chloride and sulphate. All 
solutions were 1 x 10-°m with respect to combined boron and hence comparable with those 
used for Fig. 1, in that they were 2 x 10-5m with respect to combined curcumin. When red 
acidic solutions of rosocyanin are made alkaline they first became purple and then an ink-blue 
before finally assuming the blue-green colour of the fully alkaline form. As it is almost 
impossible to obtain very dilute solutions of these two intermediate forms absolutely free from 
one another, the broken lines in Fig. 2 are only approximate. 

Titrations with Alkali.*—Fig. 3 shows the curve obtained by titrating 500 ml. of a 
1-5 x 10“m-solution (nearly saturated) of rosocyanin chloride in absolute methyl] alcohol with 
alcoholic potassium hydroxide in a rapid stream of carbon dioxide-free nitrogen. Changes 
taking place during the titration were followed absorptiometrically, small samples being taken 
by using the nitrogen to blow liquid from the flask through a fine-bore tube into an absorption 
cell which was immediately stoppered. The best results were obtained when dry alcohol was used 
but the shape of the curve varied with the wave-length at which the absorption was measured. 
Fig. 3 refers to a wave-length of 7600 A, and the attendant colour changes are noted there. 
With titrations observed at 7400 A (the shortest practicable wave-length) the final rise in 
extinction showed a slight inflection, indicating that two slightly different ionisations were 


Fic. 3. Titration of rosocyanin (1-5 x 10-m) with alkali in methyl alcohol 
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taking place. The reaction was very sluggish towards the end of the titration, and maximum 
extinction was obtained on addition of a few ml. of N-alkali. 

The ionisations taking place during this titration could be characterised, with respect to 
their relative strengths, by noting the pH of an aqueous solution containing a few drops of 
alcoholic rosocyanin as an acid-base “‘ indicator.’’ By taking the pH of half-colour changes to 
correspond to the pK values of the respective ionisations, the following values for ionisation 
constants were found : crimson-red ——> purple, ca. 3 x 1077 (one H* ion); purple ——> blue, 
ca. 2 x 10°* (one H* ion); blue ——> blue green, ca. 5 x 10~ (two H®* ions). 

Behaviour of Rosocyanin on Ion-exchange Resins.—In alcoholic solutions containing only a 
trace of acid the crimson-red form of rosocyanin rapidly entered a cation-exchange resin, 
changing the latter to red, but could be removed by increasing the acidity of the alcoholic phase 
with perchloric acid. Thus the compound showed the properties of a cation, as would be 
expected from the fact that an equivalent of anion is always found associated with it in the 
solid state. The charge on the cation was obtained graphically (Strickland, Nature, 1950, 169, 
620, 738), by using the equation, log [e/(e, — «)] = * log C, + K, where C, is the concentration 
of perchloric acid in the alcoholic phase, ¢, the extinction of a solution before, and ¢ its extinction 
after, equilibration of a constant volume (55 ml.) with a constant weight (2-0 g.) of sulphonated 

* Absorptiometric titrations of curcumin with alkali, by a similar technique, showed that the blood- 
red alkaline form resulted from simultaneous ionisation of both phenolic groups (K = ca. 3 x 10°) 


followed by the less ready ionisation of the enolic hydrogen atom (K = ca. 1 


10-") to give the 
orange-red solution. 
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polystyrene resin in the H' form. The slope x of the line, which should equal the charge on the 
rosocyanin cation, is seen from Fig. 4 to approximate to unity. 

However, if the rosocyanin solution was equilibrated with the alkali-metal form of a cation 
exchanger it no longer behaved as if it were a cation and no detectable amount entered the 
resin phase. Only on addition of excess of acid to the alcohol, with a corresponding partial 
conversion of the resin into the H* form, did exchange with the rosocyanin ion take place. If 
a resin containing rosocyanin was treated with alcoholic sodium perchlorate, the hydrogen ions 
on the resin were largely replaced by sodium ions, but the red colour remained and very 
concentrated solutions of the sodium salt were required to remove even traces of rosocyanin back 
into the alcoholic phase. If the resin containing rosocyanin was tréated with alcoholic potassium 
hydroxide, the hydrogen ions were again replaced and the rosocyanin on the resin became ink- 
blue, but was still very stubbornly retained. 

As was to be expected, the crimson-red form of rosocyanin would not enter an anion- 
exchanger, but the blue alkaline form entered very slightly into the resin phase, indicating that 
it was anionic. Quantitative work was impossible owing 
to the comparatively rapid hydrolysis of rosocyanin in the 

f° alkaline solutions employed. 

ff Comparison of Boron and Beryllium Complexes.—Both 
Slope=1-2 oe the acetylacetone and curcumin complexes of beryllium are 
readily prepared by treating freshly precipitated beryllium 
hydroxide with neutral alcoholic solutions of the diketones 
These reactions proceed at a reasonable rate even in the 
presence of considerable amounts of water. It is known that 
the beryllium complex of acetylacetone has a similar 
spectrum to the free ketone (Adam, Booth, and Strickland, 
Analyt. Chim. Acta, 1950, 462) and’ this is so for the 
beryllium curcumin complex (cf. Fig. 1), which in the solid 
state is almost indistinguishable from curcumin, although 
it has a much higher m. p. (260°). 

Combination of boric acid with acetylacetone or curcumin requires the more vigorous 
conditions brought about by adding the boron as trichloride. Reaction between boric acid and 
curcumin in neutral alcohol is negligibly slow, although it becomes appreciable if the solutions 
are concentrated and strongly acidic. It occurs more rapidly if the curcumin solution is first 
reddened by addition of acid. In acidified molten phenol, where, as mentioned above, the 
curcumin solution is purple red and has an absorption spectrum similar to that of rosocyanin 
(Fig. 2), the reaction with even ug.-quantities of boron is complete within a few seconds. On 
dilution of such solutions with alcohol the purple-red colour reverts to yellow in the absence of 


boron but remains red if boric acid is present for a few seconds before dilution. 


Fic. 4. Charge on rosocyanin cation. 








-0-5 


DISCUSSION 


The presence of the enolic $-diketone group in curcumin suggests that its complexes 
with beryllium and boron would be analogous in composition to the corresponding acetyl- 
acetone derivatives, Be(Aca), or B(Aca),X, where X is a monobasic anion (Dilthey, 


JEMe'0*°, jh MeO . >R-O 
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Ncme‘07 /, \CMe:07 N\cr:0 
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[R = 4:3: 1-HO-C,H,(OMe)-CH:CH- 


Annalen, 1906, 344, 300). By analogy with the beryllium compound (II), Dilthey’s boron 
complex would be expected to be (III). Such a structure (IV) almost certainly exists for 
the beryllium—curcumin derivative. As expected, its absorption spectrum in the visible 
region resembles that of curcumin, in acid or alkaline solution. The latter solutions are too 
unstable for quantitative work but the spectrum found is very similar to that of the first 
alkaline form of curcumin. 

Clearly a configuration analogous to (IV) cannot apply to rosocyanin, although 
analytical data are in satisfactory agreement with its being the curcumin equivalent of 
(III), and molecular weight determinations show that no polymerisation takes place. The 
boron—curcumin derivative also behaves as a univalent cation in alcoholic solution. 


2 
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Nevertheless, rosocyanin cannot be prepared in the same way as the beryllium complex 
and its solutions have a totally different absorption spectrum in acid and alkali. The 
blood-red solution of curcumin in alkali must arise from a hybrid of structures such as 
(Va—), and the resonance of normal and quinonoid forms is the only reasonable explanation 
for the profound colour change in acid solutions, shown in its most marked form in acidified 
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-¢ S ‘CH-C*CH-C-CH? 4 So- ond %,_ pean sili (= 

O H°CH’C:CH-C-CH:CH—< O O¢ H:CH’C:CH:-C:CH-CH= >=O 

(Va) (Vb) 

MeO OH OH+ OMe MeO H OH OMe 
Ho S—cuicH-CicH-C-cH:cH-@ ‘SoH +OH=@ S=CH-CHIC-CHIC-CH:CH-@ SoH 
Nen/ \=/ Nee ; = tok ‘\ees/ 

(Via) (V16; c is its mirror image) 

MeO CH OMe 
ey. a ee an 
Cl oene Oe »>=CH CH-¢ C CH:CH y JH 

(1) xX 2 (4) 


\ 


Bo 
MeO NO 


\ ACH CH= 
CH 


4o-Y% S—cuicH< 
re alee ares 


molten phenol. In the latter case the phenol probably assists the change in a manner not 
yet understood, as a permanent effect is soon observed, solutions fading and losing the 
properties of curcumin when diluted with alcohol; for a short time, however, the effect 
of acid is reversible and must consist of the addition of a proton to the carbonyl group of 
the curcumin molecule to give a resonant hybrid of such structures as (Vla—c). As this 
red form of curcumin reacts so readily with boric acid it is reasonable to suppose that 
esterification of three central hydroxyl groups and migration of the hydrogen atom from 
the fourth lead sto (VII). Methylation, etc., of the phenolic groups in curcumin would 
inhibit the formation of conjugated structures (V), so these curcumin derivatives do not 
become red in acid or react with boron. 

The formulation of the main “ stationary state’’ structure of rosocyanin as (VII) 
explains adequately most of the properties of this compound, especially the absorption 
spectra of solutions of various acidities. We may assume, for the sake of description, that 
a hydrogen atom of *HO: group (1) is the first to ionise, taking with it the positive charge 
associated with the whole molecule. This occurs quite readily (K = ca. 3 x 10°’) and 
explains why, although rosocyanin behaves as if it were a univalent cation when 
equilibrated with a resin in the H* form, it shows negligible exchange with a Na* form. 
Inside the matrix of the latter the concentration of hydrogen ions is very small, and the 
rosocyanin molecule on entering the resin phase would dissociate to give a neutral molecule 
and no exchange could take place. However, once associated with a SO,°O~ group on the 
resin, the rosocyanin is held comparatively strongly by some form of hydrogen bonding. 
The second hydrogen atom to ionise under the influence of alkali, also fairly readily, would 
be (2) (K = ca. 2 x 10°8). Finally the two remaining phenolic groups ionise almost 
simultaneously, these groups being rather more weakly acidic than when in the original 
curcumin. 

The oscillator strength, f, of the main absorption band of rosocyanin at 5550 A has a 
value almost exactly double that of curcumin at 4275 A (1-6: 0-8), indicating virtual 
degeneracy in the absorption of the two curcumin chains combined in this complex (VII). 
— OMe 
(uc )p- x = —CHICH—-C sO- Y = =CHCH={_>=0 
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Similarly, only one main band of long wave-length appears when all the hydrogen atoms 
have been ionised (VIII), each half of the molecule again having similar transition energies, 
with an f value of 1-8 for the whole unit. When, however, hydrogen ion (1) is removed 
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from (VII), each half of the molecule is markedly different in structure and two bands 
appear which may be x and y bands of a two-dimensional oscillator. The rosocyanin 
molecule, with its two linear oscillators of variable structure held at approximately right 
angles in space, may prove a useful compound with which to study the effect of constitution 
on light absorption, especially when considered from the viewpoint of the Lewis—Calvin 
treatment (Chem. Reviews, 1939, 25, 273). 


Acknowledgment is made to the Chief Scientist, Ministry of Supply, for permission to 
publish this paper. We thank Dr. C. L. Wilson of Queen’s University, Belfast, and 
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907. Compounds of Curcumin and Boric Acid. Part II.* 
The Structure of Rubrocurcumin. 


By G. S. SPICER and J. D. H. STRICKLAND. 


The red compound formed when curcumin reacts with boric acid in the 
presence of oxalic acid has been isolated and called rubrocurcumin. This 
substance is a 1: 1: 1 compound of curcumin, boron, and oxalate. Consider- 
ation of analytical results, absorption spectra, etc., suggests a structure similar 
to that of rosocyanin but containing the curcumin molecules joined by a 
boro-oxalate bridge. The use of rubrocurcumin and rosocyanin in the 
determination of boron is briefly discussed. 


CASSAL and GERRANS (Chem. News, 1903, 87, 27) observed that the red colouration when 
curcumin and boric acid reacted was greatly promoted by oxalic acid, and this acid has 
been used in most subsequent analytical methods for boron in which curcumin is employed 
(cf. Naftel, Ind. Eng. Chem., Anal., 1939, 11, 407). In early unpublished investigations of 
Naftel’s technique we noted that the oxalate reaction gave rise to some rosocyanin (for its 
structure see Part I *), but that the main product was a compound differing therefrom 
in being slightly soluble in ether. This substance we propose to call rubrocurcumin. A 
substance so named was obtained by Clarke and Jackson (Amer. Chem. J., 1908, 39, 696) 
when they allowed boric acid to react with curcumin in the absence of added mineral acid, 
but we failed to repeat this synthesis. The recorded properties of their ‘‘ rubrocurcumin,”’ 
however, agree so well with most of those of the red compound formed by the curcumin-— 
boric acid—oxalic acid reaction that we propose to retain the name. Very probably oxalic 
acid was present in the curcumin used by Clarke and Jackson, as this acid is formed in 
quantity as an oxidation product of curcumin. 

When boric acid is mixed with curcumin in alcoholic solution the reaction is more rapid 
when oxalic acid is added than when any other acid is used, although the resulting red 
compound is not precipitated unless the solutions are very concentrated. The reaction in 
alcohol is complete only on evaporation to dryness and the same product is apparently 
formed irrespective of which reactants are present in excess. Oxalic acid is not sufficiently 
soluble in molten phenol for the formation of rubrocurcumin therein to be directly compared 
with that of rosocyanin (cf. Part I). 

If both oxalic acid and a mineral acid are present a mixture of rubrocurcumin and 
rosocyanin results, although the yield of the former greatly exceeds that of the latter when 
the two acids are present in equimolar quantities. The presence of water inhibits the 
formation of both rubrocurcumin and rosocyanin but its effect is most marked on the yield 
of the former. 

EXPERIMENTAL 

Rubrocurcumin.—A solution of oxalic acid dihydrate (2 g.), boric acid (0-5 g.), and curcumin 

(2 g.) in acetone (ca. 100 ml.) was evaporated to dryness and the residue was powdered, leached by 


* Part I, preceding paper. 
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cold water (200 ml.), filtered off, and washed liberally. The crude rubrocurcumin, after being 
dried in a vacuum-desiccator, was extracted (Soxhlet) for 4 hours with dry ether. This removed 
a small amount of orange-red material containing combined boron which, however, did not 
appear to be a distinct form of rubrocurcumin. A saturated solution of the solid left in the 
extractor was prepared by heating it at 100° with dry phenol and filtering this solution hot into 
four times its volume of benzene. The precipitated solid, after filtration and washing with 
benzene, was dried to constant weight (1-6 g.) in a desiccator over anhydrone. 

Rubrocurcumin is a dark red amorphous powder without the metallic reflex of rosocyanin. 
It does not melt but decomposes with swelling and sintering at about 300°. Its solutions in 
acidified alcohol are very similar in colour to those of rosocyanin but noticeably more ruby-red. 
In general the solubility of the two compounds is similar, although that of rubrocurcumin in 
alcohol and phenol is much less when the solid is heated at 100—150° than when it is dried at 
room temperature. The most significant difference is, however, the slight solubility of rubro- 
curcumin in solvents of low dielectric constant (ether, benzene, etc.) in which rosocyanin is 
completely insoluble. In these solvents a pink solution with an orange fluorescence is obtained. 
Alcoholic solutions of rubrocurcumin, like those of rosocyanin, change from red to blue-green 
on basification, but alkaline solutions of rubrocurcumin are hydrolysed much more rapidly, 
having decomposed completely within a few minutes. In wet acidic alcohol hydrolysis of 
rubrocurcumin is also markedly the more rapid. 
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Boron and the curcumin formed on hydrolysis were determined as described in Part I. 
Oxalate could not be determined after a wet oxidation, because curcumin gave a considerable 
amount of oxalic acid on such treatment. Gentle alkaline hydrolysis (see Part I) was therefore 
employed, the curcumin produced suffering little decomposition ; acidification of the resulting 
solutions precipitated the curcumin (which was dissolved in alkali and reprecipitated to free it 
from occluded oxalate) and the oxalate was determined by titration with permanganate after 
several precipitations as calcium oxalate. Results for carbon by combustion were not consistent 
with any likely structures unless water was assumed to be present and this was confirmed by the 
erratic and apparently low molecular weights obtained by the cryoscopic method. These 
methods gave, for rubrocurcumin: C, 57:8; B, 2-25; curcumin, 76-0; H,C,O,, 18-8 
(C4gH3,0,,B,,C,0,,1-5H,O requires C, 57-6; B, 2-25; curcumin, 76-8; H,C,O,, 18-7%). 

Absorption Spectrum.—Without an instantaneous presentation spectrophotometer it was 
impossible to record the absorption spectra of the alkaline forms of rubrocurcumin as their solu- 
tions began to decompose in a few seconds. However, when very dilute alcoholic potassium 
hydroxide was rapidly added to dry alcoholic solutions of rubrocurcumin and rosocyanin, 
visually identical colour changes appeared to take place, 1.e., red to purple, purple to ink-blue, 
ink-blue to blue-green. Only the ruby-red solution of rubrocurcumin was sufficiently stable for 
an absorption spectrum to be taken with the Uvispek spectrophotometer. This is shown in the 
Figure for a solution 2 x 10™5m with respect to combined curcumin (and boron), together with 
the curve for rosocyanin, 2 x 10-°m with respect to combined curcumin and 1 x 10-°m for 
combined boron. 

Behaviour on lon-exchange Resins.—Here again the comparatively slight stability of rubro- 
curcumin solutions prevented quantitative study. In alkali, decomposition of the compound 
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was so rapid that not even qualitative observations could be made. .In dry acidic solutions, 
however, rubrocurcumin could be observed to enter the resin phase of a cation-exchanger in the 
hydrogen-ion form. It thus has cationic properties similar to those of rosocyanin under these 
conditions (cf. Part I) and was leached off the resin when the acid concentration of the alcoholic 
solution was increased. The rate of decomposition in strongly acidic solutions, such as were 
required for this leaching, was too great for quantitative measurements to be made. No 
cationic behaviour was found when rubrocurcumin solutions were equilibrated with an exchanger 
in other than the H* form. 
DISCUSSION 

The structure of rubrocurcumin is clearly related to that of rosocyanin, but the com- 
pound cannot simply be an oxalate of the rosocyanin cation. The simple mode of pre- 
paration and the hydrolysis, however, indicate that the components are not radically altered 
during combination. The more rapid formation of rubrocurcumin must be due to formation 
of a boro-oxalate complex. Werner (J., 1904, 85, 1449) wrote potassium boro-oxalate as 
2[K-BO(C,0,)],3H,O, which should now be formulated as (I). Analysis indicates rubro- 
curcumin as containing a 1:1:1 ratio of boron, oxalate, and curcumin. From the 
similarity of absorption spectra, it is apparent that the curcumin portion of rubrocurcumin 
has the same basic type of electronic configuration as in rosocyanin and the only reasonable 
formule, assuming the combination of one curcumin molecule with one of boron and one of 
oxalate, are (II) and (III). (II) might exist in solution as a neutral zwitter-ion but would 
require an equivalent of anion to be present in the solid state. Structure (III) overcomes 
this difficulty but this compound would not then behave as a cation in solution. The most 
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decisive evidence against these two formule, however, is the fact that, in neither case, would 
one expect an identical series of colour changes to be observed when solutions of rubro- 
curcumin and rosocyanin are made progressively more alkaline. 

We consider it more likely, therefore, that rubrocurcumin contains two atoms of boron 
combined with two molecules of curcumin and two oxalate groups. There would then be 
more possibility of a basic resemblance between the rubrocurcumin and rosocyanin molecules 
with similar colour changes on addition of alkali, etc., and an oxalate molecule could act as 
an anion for the main cationic complex. The greater susceptibility of the rubrocurcumin 
molecule to hydrolysis, compared with rosocyanin, must arise from a marked difference in 
the stability of the centre grouping of these two compounds. It is logical to suppose that 
the centre grouping in rubrocurcumin is weakened by the presence of one of the two oxalate 
molecules as boro-oxalate. This grouping, when combined by condensation with two 
curcumin molecules and two hydrogen ions, would give rise to the rosocyanin analogue (IV), 
the ‘wo positive charges left on this molecule, as a result of the condensation, being 
neutralised in the solid state by the remaining molecule of oxalate acting as a bivalent anion 
(cf. the réle of the sulphate group in rosocyanin sulphate). Furthermore, this oxalate ion 
can join on to the terminal hydroxy] groups of the curcumin chains by hydrogen bonding. 
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Unlike the curcumin groups in rosocyanin, those in (IV) would be roughly coplanar and 
spatially such that an oxalate ion could bridge the two ends without strain. Such a bridged 
coplanar molecule would be expected to be more soluble in solvents of low dielectric con- 
stant than the ionic rosocyanin molecule and a slight shift of the absorption spectrum to 
shorter wave-lengths would be expected from the nature of the centre grouping, which 
has two boron—oxygen bonds somewhat allied in nature to the carbonyl-donated bonds in the 
beryllium—curcumin complex (cf. Part I). 

Structure (IV) for rubrocurcumin represents one of the very few ways in which the 
groups known to be present can be combined to give a molecule having properties in 
agreement with those found experimentally. It is only proposed tentatively, however, 
although further evidence is difficult to obtain except by X-ray studies. 

The structures suggested for rosocyanin and rubrocurcumin have implications for the 
determination of traces of boron. As the boron in rosocyanin is displaying its maximum 
co-ordination valency and each of the two co-ordinating curcumin groups in this substance 
has oscillator strengths approaching unity, the quantitative formation of rosocyanin must 
give rise to about the most sensitive absorptiometric test for boron which is theoretically 
possible. It is doubtful whether this sensitivity could be substantially increased by using 
more complicated derivatives of curcumin. 

The formation of rubrocurcumin has found favour in analytical methods for boron 
because of the great increase in yield and speed of formation of the red colour. However, 
it will be seen from the present work, that for a given weight of boron only half the maximum 
possible extinction is obtained when this element is combined as rubrocurcumin, because this 
molecule, with an oscillator strength comparable with that of rosocyanin, nevertheless 
contains two atoms of combined boron instead of only one. This fact, and the relatively 
poor stability of rubrocurcumin, suggests that the formation of rosocyanin should be 
attempted in analytical methods if it can be brought about in high yield and at a reasonable 
speed. This is possible at 50—70° in acidified phenols, although the exact reaction 
conditions must be carefully determined. 

Of other likely elements germanium is the only one we have found able to form com- 
pounds analogous to rosocyanin and rubrocurcumin. 


Acknowledgment is made to the Chief Scientist, Ministry of Supply, for permission to 
publish this paper. 
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908. Compounds of Curcumin and Borie Acid. Part III.* 
Infra-red Studies of Rosocyanin and Allied Compounds. 


By L. J. BELtamy, G. S. Spicer, and J. D. H. STRICKLAND. 


The infra-red spectra of curcumin and rosocyanin are compared with the 
spectra of their related acetylacetone complexes, and with the corresponding 
beryllium compounds. The spectra support the structures postulated in 
Parts I and II.* 


CuRCUMIN and its condensation products with boron and beryllium are too complex to 
permit of any simple interpretation of their infra-red spectra in terms of structure. Never- 
theless a certain amount of positive information can be obtained in this way and some 
tentative conclusions can be drawn when the spectra are considered in conjunction with the 
chemical data (Spicer and Strickland, preceding papers), and with the spectra of the simpler 
acetylacetone complexes which constitute a part of these molecules. 

Acetylacetone has been studied by Kohlrausch and Pongratz (Ber., 1934, 67, 976, 1465) 
and Kahovec and Kohlrausch (Ber., 1940, 73, 1304 et seg.) who have shown that the Raman 
spectrum permits the possibility of the existence of four enolic forms; Rasmussen, Tunni- 


* Parts I and II, preceding papers. 





4654 Bellamy, Spicer, and Strickland : 


cliffe, and Brattain (J. Amer. Chem. Soc., 1949, 71, 1068) presented very strong evidence 
that it exists mainly as a chelated monoenolic form in which the enolic hydroxyl group is 
strongly bonded by hydrogen to the remaining carbonyl group with resonance stabilisation 
of the whole. This is reflected in the infra-red spectrum by very considerable shifts of the 
CO and OH stretching frequencies. The spectra of acetylacetone complexes have been 
examined by Morgan (U.S. Atomic Energy Commission, 1949, Report No. 12,659, p. 16) 
and especially by Lecomte (Discuss. Faraday Soc., 1950, No. 9, p. 125) who has given the 
spectra of 11 metallic complexes. Their results in relation to the complexes of curcumin 
will be discussed. 
EXPERIMENTAL 

All the spectra were obtained with a Perkin Elmer 21B recording spectrometer with rock- 
salt optics. Samples were examined as solid pastes ground in paraffin and pressed between rock- 
salt plates. The results obtained, insofar as they are relevant to the discussion, are summarised 
in the Table. For convenience, the characteristic frequencies which we find for acetylacetone 
and its acetyl derivative are included although these are in agreement with those reported by 
Rasmussen et al. (loc. cit). 


DISCUSSION 


Curcumin.—Curcumin, examined in the solid state, shows no absorption in the regions 
corresponding to normal or «f-unsaturated ketones. The only absorptions in the double- 
bond region are a single strong band at 1625 cm.~! and two others of medium intensity at 
1600 and 1500 cm.-!. The latter pair arises from the C—C vibrations of the aromatic rings. 
The analogy with acetylacetone is clear, and the 1625 cm.~! band must arise from a similar 
chelated type of keto-enol system. The fact that the frequency is a little higher than for 
acetylacetone indicates a slightly weaker chelation and this is not unexpected in view of the 
strong external conjugation of the double bond in the chelated ring. The C—C vibration is 
not apparent and is probably hidden by the aromatic absorption at 1600 cm."}, as this is 
roughly the position in which a strongly conjugated C—C absorption would be expected. 

Confirmation of the chelated structure is afforded by the examination of the OH 
stretching vibrations. In addition to the OH stretching vibration of the phenolic hydroxy] 
groups, which shows normal hydrogen bonding and absorption near 3400 cm."', there is also 
evidence of broad absorptions near 2600 cm."!, corresponding to the chelated hydroxyl 
group. We therefore regard curcumin as existing wholly in the keto—enol form (I) in which 
a strong chelated bond closes a cyclic structure. 

Curcumin also shows strong absorption at 962cm.", which we attribute to the -CH—CH- 
(trans-)double bond (Sheppard and Sutherland, Proc. Roy. Soc., 1949, A, 196, 195). 

Acetylacetone Complexes.—The boron complex of acetylacetone has been examined and 
also, for comparison, the beryllium compound which was studied earlier by Lecomte (loc. 
cit.). The most obvious feature of the spectrum of the latter is the further displacement of 
the carbonyl absorption, the 1600 cm.~! band of:acetylacetone being replaced by bands at 
1560 and 1515cm."4. Lecomte attributed these to the carbonyl and to the C—C absorption, 
respectively. The further shift of the carbonyl to 1560 cm.“! represents a marked further 
weakening of the bond to an extent approximating to that found in ionised carboxylic 
acids, which Lecomte postulates might occur in the resonant cyclic system (II). 

The assignment of the C—C vibration at 1515 cm. represents a very marked weakening 
also of the double bond beyond even that given by a long chain of conjugated double bonds 
(Blout, Fields, and Karplus, J. Amer. Chem. Soc., 1948, 70, 194) but it is not possible to 
predict the possible influence of a structure such as (II) on the bond length. 

We find that the spectrum of this complex also shows a strong band at 822 cm.~! which 


may be associated with the CH bending vibration of a double bond of the type ¢H=C-. 
There is no absorption at 900 cm.-! where double bonds of the type "CCH, might be 
expected to absorb. 

The spectra of the great majority of the metal acetylacetone complexes described by 
Lecomte and by Morgan (loc. cit.) are essentially similar. On the other hand, the complex 
with boron shows a spectrum so different as to suggest that the structures may not be the 
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same. For example, in the double-bond region we find only a single band at 1560 cm.~! 
which must correspond to either the carbonyl or the C=C absorption or both. It is 
tempting to conclude that both absorptions coincide, but if the structure is similar to that 
of the beryllium complex it is difficult to see why the C—C bond should be so much stronger 
in the boron complex. Also, as will be seen later, a similar situation arises with the boron 
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and the beryllium complexes of curcumin which show one and two bands, respectively, in 
this region. The band of the boron—curcumin complex is not in the same place as in the 
acetylacetone complex and it is unlikely that the C—O and C—C vibrations would again be 
coincident at a different frequency. The alternative is to suppose that either the C—O or 
the C—C vibration is absent from the boron—acetylacetone compound. This can be 
visualised on the basis of the structure (III), in which all the C-O-B links are equal and 
have no double-bond character. Such a structure would be expected to show a strong 
absorption band near 900 cm."! arising from the out-of-plane CH deformations of the 
CH,—C group. A band of 884 cm.~! is in fact shown by the boron and not by the beryllium 
acetylacetone complex. Against this is the fact that a structure such as (III) cannot be 
satisfactorily incorporated in the formula for the complex as a whole whilst retaining the 
formal positive charge which the complex is known to possess. This difficulty does not 
arise in the case of rosocyanin (cf. Part 1). In addition, very little is known of the 
frequencies of out of plane —CH vibrations in resonant structures, so that the evidence 
afforded by these observations can only be regarded as very tentative. 

Insofar as account can be taken of —CH vibrations both beryllium and boron com- 
pounds show absorption near 820 cm.~! corresponding to the CH—C linkage. The 1560 
cm.~* band in the boron compound could be attributed to the C—C vibrations and with the 
conjugated structure postulated this frequency would be expected to be different from the 
C=C vibrations in the chelated beryllium compound. 

Rosocyanin and the Beryllium—Curcumin Complex.—The spectrum of rosocyanin is very 
different, in the double-bond region, from that of curcumin. The strong band originally 
present at 1625 cm.“ has vanished, and the spectrum now shows a very small band at 1530 
cm.!, The aromatic C—C ring vibrations now occur at 1587 and 1500 cm.~! and are much 
more intense. 

As with the boron acetylacetone complex the 1530-cm.! band could well be 
interpreted as arising from a resonating carbony] structure or a conjugated C—C group or 
both. However, the fact that the corresponding beryllium curcumin complex shows two 
strong bands in this region suggests that the cases are parallel and that the boron complex 
is associated with reaction with a dienol form. We would therefore assign to rosocyanin 
the partial structure (IV). 

With such a structure in which the conjugation is increased, the C—C vibration would 
be expected to be more intense, and at lower frequency, than in curcumin. Similarly, the 
shift in this vibration from 1560 to 1530 cm.~! on passing from the boron acetylacetone to 
the boron curcumin complex would be expected from the increased conjugation. The 
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alteration in the nature of the bonding in one of the aromatic rings might also be expected to 
cause a small frequency change, and the movement of one of the aromatic vibrations from 
1600 cm.~! in curcumin to 1587 cm.“ in rosocyanin is in line with similar changes in quinones. 
The occurrence of both 1605 and 1587-cm."! absorptions may be slight evidence for the 
presence of both types, but could be interpreted in other ways. The 962-cm.~! band assigned 
to the -CH—CH-— grouping in curcumin is notably weakened, although still present, in 
rosocyanin. 
Absorption bands (cm.-). 


Beryl- Boron 
Boron lium Beryl- curcumin 
Normal Acetyl- acetyl- acetyl- lium complex 
frequency Acetyl- acetone acetone acetone curcumin (roso- 
Group range acetone acetate complex complex Curcumin complex cyaninn) 
OH (H bonded) 3500—3200 — - — —- 3400 . 
OH (chelated) ... 2800—2500 2600 -- — _ 2600 
CO (conjugated) 1690— 1660 — — —_ - 
CO (chelated) ca. 1600 1600 — 1560 1625 160: 
, 1680—1600 1600 : 1560 1515 1600 ? f 1530 
(lower bottom 
limit if heavily 
conjugated) 
—~C=C- (rings) ... ca. 1600 - ~ - — 1600, 1600, 1605, 1587, 
and 1500 1500 1500 1500 
—~CH>=CH-— (trans near 965 — - - 962(s) 970 962(m) 
~CH=Co near 825 — _ 
onesie near 900 980 a ee: 


~ 


CO (ester) ......... near 1740 é = 


This infra-red evidence for the structure of rosocyanin is therefore in accord with the 
chemical evidence. 

The beryllium curcumin complex shows strong absorptions at 1605 and 1510 cm."} 
in addition to the bands arising from the aromatic ring. The intensity of the absorption 


shown at 970 cm.~! is comparable with that shown by curcumin itself. We therefore regard 
this complex as differing from the boron complex and more closely resembling the acetyl- 
acetone complex, with the partial structure (V). The 1605-cm.-! band would then be 
assigned to the resonant C—O vibration and the 1510-cm.~! band to the C—C vibration. 

Rubrocurcumin.—The spectrum of rubrocurcumin is in many respects similar to that of 
rosocyanin, especially in the important 1650—1450-cm."! region. To this extent it affords 
reasonably good evidence that closely related structures are involved. However it also 
shows two strong absorptions at 1810 and 1770 cm.-!.. These must be carbonyl bands, and 
if they can be presumed to arise from one or both of the oxalate residues it is an indication 
that it forms an integral part of the molecules. These frequencies could correspond to 
ketones of vinyl ester type (Rasmussen and Brattain, J. Amer. Chem. Soc., 1949, 71, 1073; 
Short, J., 1952, 206). Any ionic oxalate present could not be readily detected as absorp- 
tions appear in any case in the expected region owing to the chelated structure. 

This compound is however so complex that the interpretation of its infra-red spectrum 

must be very uncertain, especially as in this case it has not proved possible to isolate a 
similar beryllium complex for comparison. 


Acknowledgment is made to the Chief Scientist, Ministry of Supply, for permission to 
publish this paper. 
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909. Acylarylnitrosamines. Part VI.* The Rearrangement, 
Decomposition, and Deacylation of Acylarylnitrosamines. 


By D. H. Hey, J. StTuART-WEBB, and GARETH H. WILLIAMs. 


It has been confirmed that the azo-coupling and the evolution of nitrogen 
from solutions of acylarylnitrosamines in benzene have a common rate- 
determining stage which is the rearrangement of the acylarylnitrosamine 
into the diazo-ester, i.c., R“C,HyN(NO)*COR —> R”“C,HyNIN-O-COR 
By means of a study of the effects of changes in R and R’, of changes in 
solvent, and of added acids, bases, and salts, an intramolecular mechanism 
for the rearrangement is indicated. These results confirm and amplify those 
obtained simultaneously and independently by Huisgen and his collaborators. 


ACYLARYLNITROSAMINES were first used as arylating agents by Bamberger (Ber., 1897, 
30, 366), who considered that an equilibrium was set up in solution between the nitroso- 
form and the corresponding diazo-ester (a), which then underwent reaction with 
benzene to give a derivative of diphenyl : 


(a) ArN(NO)COR => ArN:N-O-CO-R 
(6) Ar-‘NIN-O-CO-R + C,H, —> C,H,‘Ar + N, + R-CO,H 


In support of this view von Pechmann and Frobenius (Ber., 1894, 27, 651) and Hantzsch 
and Wechsler (Annalen, 1902, 325, 226) showed that nitrosoacetanilide was obtained both 
from the nitrosation of acetanilide and from the acetylation of sodium benzenediazoate. 
The first kinetic measurements on the decomposition of nitrosoacetanilide and some sub- 
stituted acylarylnitrosamines in benzene and other solvents were made by Grieve and 
Hey (J., 1934,.1797 ; 1935, 689) and by Butterworth and Hey (J., 1938, 116), who measured 
the rate at which nitrogen was evolved. They found that the reaction obeyed a first- 
order kinetic law and that the rate of decomposition was substantially independent of the 
nature both of the solvent and of any nuclear substituent in the acylarylnitrosamine. 
These results were interpreted as involving a rapid tautomeric (cationotropic) rearrange- 
ment (reaction a), followed by a slow rate-determining homolytic fission of the diazo- 
ester into free radicals with the concomitant release of molecular nitrogen. The 
homolytic nature of the subsequent phenylation process was demonstrated by the nature 
of the products formed when monosubstituted benzene derivatives were phenylated by 
this method (Hey, Nechvatal, and Robinson, J., 1951, 2892, and earlier papers), while the 
existence of free-radical intermediates was confirmed by Waters (J., 1937, 113), who showed 
that metals were attacked when present in the reacting system. 

More recently Huisgen and Horeld (Amnalen, 1948, 562, 137) have repeated and con- 
firmed some of Grieve and Hey’s measurements, and also investigated for the first time 
the rates of coupling of acylarylnitrosamines with $-naphthol. The latter measurements, 
some of which have been repeated and confirmed by the present authors, show that for a 
number of acylarylnitrosamines the rate of azo-coupling is very nearly equal to the rate of 
evolution of nitrogen (Table 1). The small discrepancies between the two series of rates 
are probably due to the fact that the coupling experiments are carried out at a very much 
lower concentration than that at which the rates of evolution of nitrogen are measured. 

These results brought to light a new aspect of the chemistry of acylarylnitrosamines 
and provided a strong indication that both reactions—azo-coupling and evolution of 
nitrogen—have a common rate-determining stage and that this must be the rearrangement 
of the acylarylnitrosamine to the diazo-ester, which is the latest intermediate which 
can be common to both reactions. This observation, however, does not establish con- 
clusively the mechanism of the reactions, and the present work was carried out in order 
to determine whether or not this scheme provides a satisfactory explanation of all aspects 
of the chemistry. of acylarynitrosamines and, if possible, to establish a mechanism for the 


* Part V (under former title, Nitrosoacylarylamines), J., 1951, 1521. 


13T 





4658 Hey, Stuart-Webb, and Williams : 


rearrangement itself. During the course of this work investigations on similar lines were 
being carried out independently by Huisgen and his co-workers (Amnnalen, 1951, 573, 163, 
181; 1951, 574, 157, 171, 184; 1952, 575, 174, 197), and also by de Tar (J. Amer. Chem. 
Soc., 1951, 78, 1446). The present results, some of which were disclosed in a preliminary 


TABLE 1. Rates of azo-coupling and evolution of nitrogen in benzene solution. 


First-order rate constants (sec.-!) « 104 
rat 





¢ Re ~ 
Azo-coupling Evolution of nitrogen 
Po -—— A... 








Acylnitrosoanilide Temp. H.and H. H., S-W.,and W. H.and H. H., S-W., and W. 
Nitrosoformanilide 2-57 2-27 
Nitrosoacetanilide y 1-93 2-03 
Nitrosopropionanilide é - 1-93 
3-12 — 


note (Research, 1951, 4, 385; see also Hey and Waters, J., 1948, 882), confirm and amplify 
those obtained by these workers, but in’ view of the fact that the investigations were 
carried out simultaneously a detailed comparison of the results obtained in the different 
laboratories is not here included. 

The establishment of the rearrangement of the acylarylnitrosamine to the diazo- 
ester as the rate-determining stage in the kinetic measurements based on the rate 
of evolution of nitrogen necessarily implies that these measurements can no longer be re- 
garded as providing evidence for (or against) a homolytic mechanism. The evidence for 
homolytic aromatic substitution resides primarily in the analysis of the influence of a 
substituent group or atom on the substitution process. This has now been placed on a 
quantitative basis (Hey, Nechvatal, and Robinson, Joc. cit.; Augood, Hey, and Williams, 
J., 1952, 2094). 

If the rearrangement of the acylarylnitrosamine into the diazo-ester is assumed 
to be rate-determining, possible mechanisms can be set up and examined. The uni- 
molecular nature of the rearrangement is demonstrated by the original observation by 
Grieve and Hey (loc. cit.) that the decomposition reaction in benzene or other relatively 
non-polar solvents obeys a first-order kinetic law. This requirement being borne in mind 
it is apparent that for the uncatalysed rearrangement only two mechanisms are possible, 
namely a “‘ unimolecular ’’ mechanism (A), involving ionic dissociation and recombination 
of the ions, and an “‘ intramolecular’’ mechanism (B), which is really an internal Sy2 
reaction, the oxygen of the nitroso-group functioning as a nucleophilic reagent. A similar 
intramolecular process was put forward by Huisgen (Angew. Chem., 1950, 62, 369), and 
later elaborated by Huisgen and Krause (Amnalen, 1951, 574, 157). 


ZO } 
(A) Ar—N—-C. Slow Ar—N‘- Fast 
\R —— iy + R-COtr <P 
N=O N==0 
O 
(B) Ary—c” Ar—n---0 
l+7y \R } + NR 
N oO N=O 


It is possible to distinguish between these two mechanisms by an examination of the 
effect on the reaction of changes in Ar and in R, of changes of solvent, and of added acids, 
bases, and salts. 

Effect of Nuclear Substituents in the Aryl Group.—The velocities of decomposition of the 
five compounds X*C,H,*N(NO)*CO*CHs, where X = H, #-Me, #-Cl, ~-Br, and p-NO,, 
have been measured at the four temperatures 20°, 25°, 30°, and 35°. The Arrhenius 
parameters B and E are calculated from the first-order rate constants k, according to the 
Arrhenius equation k, = Be~*/®?, The results are shown in Table 2. In addition, the 
rates of decomposition of some meta-substituted derivatives of nitrosoacetanilide were 
measured and are given in Table 3. The remarkable insensitivity of the rate of decom- 
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position to changes in the aryl group had been observed by Grieve and Hey (loc. cit.), and 
this is borne out by the measurement of the energies of activation, which are seen to lie 
within a range of one kcal. that is, almost within the range of experimental error. 


Thus, the reaction is characterised by the absence of any major resultant effect of changes 
in Ar. 


TABLE 2. Decomposition of X*CgHy*N(NO)*CO*CH,g (0-122m) tm benzene. 
k, X 104 (sec.-) k, (mean) x 10*(sec.+) E£ (cal. mole“) B 
0-777, 0-775 0-776 
1-49, 1-51, 1-48 1-49 22,760 
2-83*, 2-83* 2-83 
5-17, 5-20 5-185 
0-832, 0-832 0-832 
‘58, 1-57 1-575 
3-045 
5-62 
0-717 
1-43 22,820 
2-62 
4-77 
; 0-739 
, 1-455 
, 2°83* 2-80 
§-17*, 5-2% . &21 
0-989, 0-99 0-991 
1-85*, 1-8 1-85 23,550 
3-66*, 3-68 3-67 
6-86*, 6-83 6-84 
* Velocity constants calculated by Guggenheim’s method (see Experimental section). 
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TABLE 3. Decomposition of X*CgH,N(NO)-CO-CH, (~0-1M) in benzene at 25°. 


m-Me m-Cl m-NO, 
1-58 1-62 1-15 


The ionic dissociation which is the slow stage of the unimolecular mechanism (A) 
would be thought to be highly sensitive to the presence of substituents in the aryl group, 
being greatly assisted by electron withdrawal into the aromatic ring, and it is indeed 
hardly conceivable that such a process should be affected to the exceedingly small extent 
that is now found. The intramolecular mechanism (B), however, has quite different 
electronic requirements. Whereas electron withdrawal into the aromatic ring facilitates 
heterolysis of the N-C bond in the same way as dissociation in (A), it also has the effect 


of opposing the n&o polarisation, the extent of which determines the efficiency of the 
nitroso-oxygen atom as a nucleophilic reagent. These are two opposing influences, and 
the direction of the resultant effect is not predictable, being dependent upon the relative 
importance of the two component effects. The magnitude of the resultant effect, however, 
must certainly be small. 

Effect of Changes in the Acyl Gioup.—The velocities of decomposition in benzene 
solution of the five compounds C,H,*N(NO)*CO*R, where R = H, Me, Et, Pr®, and Pr’, 
have been measured over various temperature ranges and the Arrhenius parameters 
calculated (Table 4). An attempt to complete the series with nitrosopivalanilide (nitroso- 
trimethylacetanilide, R = CMe,) failed because the anilide could not be nitrosated, all 
attempts to do so leading to the formation of a diazonium salt. For purposes of com- 
parison, Table 5 gives the first-order rate constants for the decomposition of these com- 
pounds at 25°. Two of these rate constants (i.e., those for R = H and R = Pr') were 
calculated from the Arrhenius parameters given in Table 4. The velocity of decom- 
position is increased about twelvefold with the introduction of the first methyl group. 
It then increases progressively, but to a smaller extent, with the introduction of further 
methyl groups in the a-position, while a methyl group in the §-position has little effect. 
The energies of activation decrease progressively by about one kcal. for each substi- 
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tuent as the series is ascended. Changes in activation energy are partly compensated by 
changes in the non-exponental factor, except in the special case of nitrosoformanilide, 
which has the same non-exponential factor as nitrosoacetanilide. This is reflected in the 


TABLE 4. Decomposition of CgH;*N(NO)*CO-R (0-122m) in benzene. 
Temp. ky, X 10* (sec.-) Rk, (mean) x 104 (sec.-) E (cal. mole) 

0-806, 0-820 “81k ° x 101 
5 24,350 ‘93 x 1012 
1Q1 
1012 
1012 
]Qu2 
1012 
< 1012 


1012 
1Q12 
10% 
1012 
< 10" 
x 10" 
x 104 
x 10u 
x 101 
x 1010 
x 1010 


5-17, 5-20 
0-654, 0-650 
1-16, 1-17 
2-34, 2-38 
4°20, 4-30 
0-652, 0-660 
1-23, 1-2 


21,100 


19,900 


18,760 
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larger difference between the velocities of decomposition of these compounds compared 
with the corresponding difference for any other pair. A disturbance to the normal sequence 
of steric factors is perhaps not surprising in this case, because a rather more fundamental 
alteration in the structure is involved, namely, the introduction of an «carbon atom. 


TABLE 5. Decomposition of CgH,*N(NO)-CO’R in benzene at 25°. 


Me Et Pra Pri 
1-49 4-25 3-945 14-7 


Once again, the significant feature of these results is the relatively small magnitude of 
the effect, rather than its direction. Although, as Huisgen and Krause (loc. cit.) point out, 
the dependence of the rate of rearrangement on the nature of the acyl group is apparently 
strong, examination of the experimental data shows that it is very much smaller than would 
be expected for a unimolecular decomposition of type (A), but is rather of such a magnitude 
as is characteristic of bimolecular substitution (Sy2) reactions (Gleave, Hughes, and Ingold, 
J., 1935, 236). That the direction of the effect is opposite to that generally found in 
bimolecular substitution reactions is considered to be of little significance, since the analogy 
between the two reaction types is not close enough to justify any prediction on these 
grounds alone. In the simpler case of intermolecular deacylation, which is discussed later in 
this paper, this opposite sequence is indeed found, namely, Pri < Et < Me < H. 

This reversal of the rate sequence can be seen to arise naturally from the intramolecular 
nature of the rearrangement. The analogy between the intermolecular deacylation 


R R R 
as 8 
+ ¢—N(NO)As oa Te oN 
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(NO)Ar —> xX—¢ “4 N(NO)Ar~ 
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and the classical picture of bimolecular substitution in an analogous system, 


by é- 
S4n—-¥y —» X-R-¥ —» XR*+Y- 


is close, and the effects of electron-attracting and -repelling substituents in R should follow 
the same sequence in both reactions. The two effects of electron repulsion, for example, 
from R are on the one hand to favour the recession of Y, and on the other to inhibit the 
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approach of X. The latter is found to be the dominant effect, and the net result of such a 
substitution is a smail reduction in the velocity of the reaction. This is found to be true 
also for the present intermolecular deacylation. 

For the intramolecular rearrangement, however, the sequence is reversed, #.¢., Pri > 
Et > Me > H. While the two effects mentioned above still operate there is a third 
effect of electron repulsion from R, namely, that on the polarisation of the N:O group, 
the extent of which is increased. This renders the oxygen atom of the nitroso-group 
more efficient as a nucleophilic reagent as electron repulsion in this direction is increased. 
Such a factor could very easily be sufficient to reverse the rate sequence found for inter- 
molecular deacylation. 

Huisgen and Krause (loc. cit.) have advanced an explanation for the reversed rate 
sequence, which is based on the decreased participation in the resonance hybrid structure 
of a canonical form in which the N-C bond) is double, and consequently rotation about this 
bond is restricted to a decreasing extent as R becomes increasingly electron-repelling. The 
present authors consider, however, that such a postulate is unnecessary for the explanation 
of the experimental data, which are adequately accommodated, as indicated above. 

Solvent and Salt Effects—Grieve and Hey, and Butterworth and Hey (locc. cit.), have 
measured the rates of decomposition of nitrosoacetanilide in a number of solvents and have 
remarked on the insensitivity of the reaction to the nature of the solvent. The rates of 
decomposition of nitrosoacetanilide at 25° in ethanol containing various proportions of 
water, and of lithium chloride, are given in Table 6. 


TABLE 6. Solvent and salt effects on the decomposition of nitrosoacetanilide at 25°. 
Medium k, X 10 (sec.“) Medium k, x 104 (sec.-*) 


Ethanol 1-89 Ethanol + 15% of water... 1-76 


Fe + 5%, of water 1-95 a + l equiv. of LiCl... 1-85 

- + 10% of water 1-82 

These figures demonstrate the virtual absence of both solvent and primary salt effects. 
Such a result is quite incompatible with the unimolecular mechanism (A), but is easily 
accommodated by the intramolecular mechanism (B), in the transition state of which 
virtually no separation of charges occurs. 

Effect of Added Carboxylic Acids.—The observation was made by Grieve and Hey (loc. 
cit.) that the decomposition of nitrosoacetanilide in acetic acid solution was anomalously 
slow. Huisgen and Horeld (loc. cit.) have reported that this reaction is complicated by an 
acid-catalysed denitrosation, which results in lower yields of nitrogen. In confirming 
these results two observations were made. First, the effect is confined to carboxylic acids, 
acetic anhydride behaving ‘‘ normally ’’ as a solvent. Secondly, in the decomposition in 
acetic and propionic acids, marked induction periods appear. These facts are illustrated 
by the data in Table 7. 


TABLE 7. Decomposition of nitrosoacetanilide at 25°. 
Induction Induction 
period b. >» period 
Solvent 7, & 105 (sec.-1) (mins.) Solvent Added substance {mins.) 
14-9 ( Ac,O (m/6) 5- 0 
12-4 AcOH (m/6) 2- 28 
Et-CO,H (m/6) > 15 


Huisgen and Horeld (loc. cit.) have measured the rate of azo-coupling in acetic acid 
solution, and have shown that in this reaction no retardation occurs. It thus appears that 
in acetic acid solution the correspondence between the rate of decomposition and that of 
azo-coupling breaks down. It follows that the effect of the acetic acid on the decomposition 
must become apparent at a stage in the reaction scheme later than the rearrangement. In 
a consecutive reaction of this type the first-order law can be strictly obeyed only if one 
stage is very much slower than any other. The induction period, and the reduced rate, 
in the present case, therefore indicate the retardation of a stage subsequent to the rearrange- 
ment to such an extent that the rates of the two stages become comparable. The probable 
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explanation of this retardation, which is confirmed by work published since these experi- 
ments were carried out (de Tar, Joc. cit.; Huisgen, Annalen, 1951, 574, 184), is that in these 
solvents.the equilibrium (1) lies very much further to the right than it does in benzene and 


ArN=N-O(COR = ArN=Nt+RCO- . . . . . (I) 


other comparable solvents, and thus the concentration of the covalent diazo-carboxylate 
is very much reduced. There is present mainly the diazonium salt, which decomposes 
slowly, yielding nitrogen and a pheny] ester. 

Intermolecular Deacylation.—The oxygen atom of the nitroso-group can be only weakly 
nucleophilic, so that it should be possible to accomplish an intermolecular deacylation by 
the introduction of a more powerfully nucleophilic reagent. Thus, if sodium hydroxide or 
ethoxide is introduced, the evolution of nitrogen becomes extremely rapid. It proceeds, 
however, at a measurable rate if piperidine is used as the nucleophilic deacylating agent. 
The deacylation reaction involves the production of an acylpiperidide and the diazo- 
hydroxide (diazoic acid) (2), which evolves nitrogen rapidly, thus enabling the reaction to 
be followed : 


CyH,*N(NO)CO-R + HN<C,H, —> C,H,*NIN-OH + RCON<C,Hyp (2) 


The three nitrosoacylanilines CgH,;*-N(NO)-CO°R, where R= Me, Et, and Pr', were 
allowed to decompose in benzene solution in the presence of an equivalent quantity of 
piperidine. Under these conditions the reaction of nitrosoformanilide with piperidine 
was found to be too rapid for convenient measurement. The reaction was found no longer 
to be of the first order, but to approximate to the second order. Graphs of 1/(a — x) 
against ¢, where a is the initial concentration of the reactants and x the concentration at 
time ¢, gave only fairly good straight lines. The measured rate was shown to be approxim- 
ately proportional to the concentration of piperidine, and the reaction is of the first order 
with respect to each reactant. These results are, however, only approximate, because the 
total yield of nitrogen evolved is reduced by various amounts for the different compounds. 
With nitrosotsobutyranilide only about 20% of the theoretical amount of nitrogen was 
obtained. The nature of the competing side-reaction was established by the isolation of 
1-phenyl-3-piperidyltriazen from the reaction of nitrosotsobutyranilide with piperidine in 
benzene. The 1l-phenyl-3-piperidyltriazen in this solution was also estimated by decom- 
position with hydrochloric acid, the volume of nitrogen then evolved representing a yield 
of the triazen of 77-6°%. The formation of this triazen in various amounts accounts for the 
reduced yields of nitrogen evolved from the solutions, and for the only approximate 
obedience of the second-order law, which is apparent from a simple treatment of the kinetic 
results. 

In order to make a more rigorous analysis, it is necessary to establish the mechanism 
whereby the triazen is formed. It is probable that the reaction leading to its production 
is one between diazonium ions and piperidine (3) : 


C,H,-N,* + HN<C,H,, —»> C,H,N:N‘N<C,H,+H* . . . (3) 


These diazonium ions may be derived from two sources, first, from the diazo-hydroxide 
which is formed as a product of reaction (2) and, secondly, from the diazo-ester 
derived by intramolecular rearrangement of the acylarylnitrosamine. The first of these 
sources is rendered improbable because if this were true then two molecular proportions 
of piperidine would be necessary for the production of the triazen. The stoicheiometry 
of the reaction is in fact such that acylarylnitrosamines react with piperidine in equimolar 
proportions. The assumption is therefore made that the diazonium ions are derived from 
the diazo-ester, and that the amount of triazen produced is therefore a measure of 
the proportion of the acylarylnitrosamine which rearranges intramolecularly. The 
reaction of diazonium ions with piperidine, like the corresponding reaction with $-naphthol, 
would be expected to be very much faster than the rearrangement, which would be the 
rate-determining stage. The reaction would then be of the first order, having the same 
rate constant as the normal intramolecular rearrangement and the reaction with 8-naphthol. 
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On the basis of these assumptions it is possible to put forward the following reaction 
scheme, where k, and ky are first- and second-order velocity constants respectively : 


k k 
Triazen <—~— Nitrosoacylanilide + Piperidine ———> Nitrogen (Acylpiperidine) 
(2) (a — *) (a — x) (y) 


Concentrations at time ¢ are given in parentheses. The validity of the above assumptions 
may be checked by a comparison of values obtained for 2, from these measurements with 
those obtained directly. We have 


dy/dt = k,(a — x)? re ere ae ae oat ) 


and dz/dt = k,(a — x) 
and, since x = y + z, 


dx/dt = dy/dt + dz/dt = k,(a — x)* + k,y(a — x) 
= k,(a — x)(a — x + a) 
a == k,/k, 
k,dt = dx/[(a — x)(a — x + «)] 
dx dx 


a(a—x) aa —x+ a) 


Integration, and determination of the integration constant, give 


l 
Ret = e 


From equations (4) and (5) 
dy/dz 

Now 
Therefore, dy + (x — a)(dx — dy)/« 
Therefore, dy — dx(a — x)/(a—x+2)=0 
Integration, and determination of the integration constant, give 

y=x+aln[(a — x + «)/(a + a)] 
When %=4,Y=YJo,andz =z, 


then Vo = 4+ aln[a/(a + «)] 
and fqn EE— JY, =eln(le+aje]) . - - -= ~~ « « 


The first- and second-order rate constants k, and ky may be evaluated graphically, by 
using equations (7), (8), and (9) in the following manner. The value of « is first determined 
by a graphical solution of equation (9). With the experimental value of a, calculated 
values of z,, = «In [(a@ + «)/«] are plotted against «, and the value of « corresponding to 
the experimental value of z,, (= a — y,,) is read off. With this value for «, the function 
(8) is plotted, and from this graph the value of x is obtained corresponding to each experi- 
mental value ofy. With these values of x and «, = In (, lon = *) is plotted against 
t [equation (7)], and &, can then be obtained from the slope of this line. Since « is known, 
this leads also to &,. These graphs are shown. Good straight lines are obtained for nitroso- 
propionanilide and nitrosoisobutyranilide, but some deviation from linearity occurs with 
nitrosoacetanilide. The first- and second-order rate constants obtained in this manner are 
given in Table 8. 

The values of k, agree with those obtained by direct measurement within a factor of 
2 in each case. This fact, coupled with the linearity of the graphs shown in the Figure, 
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TABLE 8. Reaction of nttrosoacylanilides CgH,*N(NO)*CO-R with piperidine in benzene 
solution at 15°. 
105 (sec.-) k, X 10% (mole sec.) a (mean) 
8-06 4-37 4-60 0-017 
11-6 2-93 3°32 0-038 
25-6 0-98 1-42 0-20 


indicates that the assumptions made in deriving this analysis are at least approximately 
correct. The values of k, and , illustrate the trends discussed earlier—the intramolecular 
rearrangement is assisted, whereas the intermolecular deacylation is hindered to a small 
extent by «-methylation of the alkyl group R, thus supporting the general conception of 
the reaction which has been developed above. 


0207 


r 


© Nitrosoacetanilide. 
A Nitrosopropionanilide 


OQ) Nitrosoisobutyranilide. 





i " i i 
20 ¥ 30 40 
t(mins.) 





EXPERIMENTAL 

Nitrometry The reactions were carried out in reaction vessels of about 30-ml. capacity 
connected by a short side-arm to 50-ml. nitrometers graduated in 0-2 ml. and containing potas- 
sium hydroxide solution in order to absorb any carbon dioxide which may be produced. Velocity 
constants were calculated in the first instance by Guggenheim’s method (Phil. Mag., 1926, 2, 
538). In several instances, however, slight deviations from the strict first-order law were 
found to occur near the beginning of reaction (cf. Huisgen, Joc. cit.), and an alternative method 
of calculation was used, the Guggenheim method being somewhat unreliable in such cases. 
The alternative method was that used by Grieve and Hey (loc. cit.) in which log V,, /(V,, — V,) 
is plotted against ¢, the first-order velocity constant being given by the slope of this line 
Constants which were calculated by the Guggenheim method are marked with an asterisk in the 
lables. The solvents used were purified by standard methods, and finally fractionally distilled 
through a 2-ft., helix-packed column. They were saturated with dry nitrogen immediatel\ 
before being used for kinetic measurements. 

Rates of Azo-coupling.—8-Naphthol was always present in large and constant excess 
(~0-007M) over the acylarylnitrosamine (~0-00005mM). Samples were pipetted into a I-cm. 
cell, and the absorption of the solution determined immediately, a Hilger Spekker photoelectric 
absorptiometer (H.760) with a blue filter (Ilford Series 602) being used. The Beer—Lambert 
law was obeyed. The intensity J, of the light passing through the solution at time ¢ was com- 
pared with the intensity /, of the light passing through the pure solvent, and the extinction 
E, = log I,/I, read off directly on the scale of the instrument. The velocity constant was 
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calculated from the slope of the graph of log E,, /(E,, — F,) against t, where E,, is the extinction 
of the solution at the end of the reaction. The results are summarised in Table 1. 

Nitrosyl Chloride.—Nitrosyl chloride, prepared by Skinner’s method (/. Amer. Chem. Soc., 
1924, 46, 737), was dissolved in acetic anhydride to give a 25% solution. 

Acylarylnitrosamines.—The acylarylnitrosamines were prepared by the general method of 
France, Heilbron, and Hey (J., 1940, 369) with slight modifications as indicated in Table 9 
The acylarylamine was stirred in acetic acid—acetic anhydride with fused potassium acetate 
and a little phosphoric oxide. The acetic anhydride solution of nitrosyl chloride was then 
added dropwise and when the reaction was complete the whole was poured into ice-water, 
which was stirred vigorously. The acylarylnitrosamine was precipitated, generally as a yellow 
crystalline solid. Nitrosoacetanilide, nitrosoaceto-p-toluidide, nitroso-p-bromoacetanilide, 
and nitroso-p-chloroacetanilide (Grieve and Hey, /j., 1935, 689), nitroso-p-nitroacetanilide 
(France, Heilbron, and Hey, doc. cit.), and nitrosoformanilide (Haworth and Hey, /., 1940, 361) 
were prepared in this manner. Nitrosoaceto-m-toluidide (Grieve and Hey, loc. cit.), nitroso-m- 
chloroacetanilide (Huisgen and Krause, /oc. cit.), and nitroso-m-nitroacetanilide (France, Heil- 
bron, and Hey, /oc. cit.) were unstable oils which tended to decompose rapidly, and hence were 
essentially unsuitable for kinetic work. They could be isolated by rapid separation and cooling 
to —80°. As soon as the nitroso-compound melted on slow warming it was poured off any 
residual ice and acetic acid into benzene. Nitrosopropionanilide (Haworth and Hey, /oc. cit.) 
was dried at 0°/2 mm. over potassium hydroxide and phosphoric acid. Nitrosoisobutyranilide, 
m. p. 35° (decomp.), and nitroso-m-butyranilide, m. p. 39° (decomp.) (Huisgen and Krause, 
loc. cit.), were prepared and dried similarly. They were much less stable and could be kept 
satisfactorily only below 0°. Details of the preparations are given in Table 9. 


TABLE 9. Nitrosation of acylarylamines with nitrosyl chloride. 
Solvent, Time M. p. (with 
AcOH (%) Temp (hrs.) decomp.) 
\cetanilide 50 
Aceto-p-toluidide 50 
p-Bromoacetanilide 50 
p-Chloroacetanilide .... 50 
p-Nitroacetanilide 40 
Aceto-m-toluidide ...... 50 
m-Chloroacetanilide . 50 
m-Nitroacetanilide 40 
Formanilide foal 50 
Propionanilide ............ 50 i 5g 82 
isoButyranilide ......... 40 3! 78 
n-Butyranilide 40 3s 80 


Isolation of 1-Phenyl-3-piperidyltriazen from the Reaction of Nitrosoisobutyranilide with 
Piperidine.—A solution of nitrosoisobutyranilide (5-7 g.) and piperidine (2-5 g.) in benzene 
(200 ml.) was left at room temperature for 2 days. The benzene was removed, and the residue 
(7-2 g.) was neutralised with aqueous sodium carbonate and extracted with a mixture of benzene 
and light petroleum (b. p. 60—80°). The extract was passed through a short alumina column, 
evaporated to dryness, and fractionally distilled. The first fractions consisted mainly of piperid- 
ine (b. p. 65—80°/1-5 mm.) and diphenyl (b. p. 95—105°/1-5 mm.), while the last fraction 
(0-77 g.; b. p. 106°/1-5 mm.) consisted of almost pure 1-phenyl-3-piperidyltriazen. Three 
recryStallisations from light petroleum yielded yellow crystals, m. p. 42°, which did not depress 
the m. p. of an authentic specimen prepared by the general method of Elks and Hey (/J., 1948; 
441). 

Estimation of 1-Phenyl-3-piperidyltriazen formed in the Reaction of Nitrosoisobutyranilide 
with Piperidine.—Nitrosoisobutyranilide (1-17 g.) was warmed in benzene (50 ml.) with piperid- 
ine (0-526 g.) in a flask fitted with a reflux condenser, the top of which was connected to a 
nitrometer. When evolution of nitrogen had ceased, and the nitrometer reading was steady, 
concentrated hydrochloric acid (2 ml.) was added. The equivalent of 119 ml. of nitrogen 
measured at S.T.P. was then evolved, corresponding to a yield of 77-6% of 1-phenyl-3-piperidy! 
triazen, calculated on the nitroso-compound used. 
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910. Properties and Reactions of Free Alkyl Radicals in Solution. 
Part V.* A Study of the Reactions of the 2-Cyano-2-propyl Radical 
with Quinones. 

By F. J. Lopez Aparicio and WILLIAM A. WATERS. 


The products of the decomposition of a«’-azoisobutyronitrile in toluene 
solutions of a series of quinones have been investigated. It has been shown 
that in the main the reactivity of quinones, at their oxygen atoms, towards 
the 2-cyano-2-propyl free radical follows the order of their oxidation- 
reduction potentials; quinones of lower potential than +0-45v do not 
react. There are, however, significant differences in the order of reactivity 
which are ascribed to the steric hindrance of vicinal nuclear substituents. 

There is also some correlation between the ratio % of quinol mono- 
ether : % of quinol diether and the critical oxidation potentials of the corre- 
sponding phenols, as given by Fieser (J. Amer. Chem. Soc., 1930, 52, 5204). 

Direct nuclear substitution by the cyanopropyl group has been detected 
only with 1 : 4-naphthaquinone, but in two instances it has been found that 
the second cyanopropyl group must attack a nuclear position since lactones 
formed thereby have been isolated. This effect is ascribed to mesomerism of 
the initial aryloxy-radical, and as would be predicted, a dilactone is one of 
the reaction products of a mixture of p-xyloquinone and the corresponding 
quinol. 


In Part I (J., 1950, 1764) Bickel and Waters showed that 2-cyano- and 2-carbomethoxy- 
2-propyl radicals reacted with p-benzoquinone and with chloranil to yield both the mono- 
and di-ethers of quinol and of tetrachloroquinol. They pointed out that their results had 
a direct bearing on the elucidation of the inhibiting powers of quinones in vinyl 
polymerisation processes. More recently, Dunn, Waters, and Wickham-Jones (J., 1952, 
2427), and Moore and Waters (7bid., p. 2432) have shown that a similar addition of radicals 
to the oxygen atoms of 3:5: 3’: 5’-tetrachloro-4: 4’-diphenoquinone provides an 
explanation of quinone inhibition of benzaldehyde autoxidation. The relative reactivities 
of a series of quinones towards a typical free radical are thus a subject directly relevant to 
at least two aspects of free-radical chemistry which have far-reaching technical’ 
applications. We have therefore extended the scope of Part I in a more detailed study 
of the actions on a series of quinones of 2-cyano-2-propy] radicals generated by the thermal 
decomposition of ««’-azoisobutyronitrile in toluene solution. 


2R: —~> R-R (tetramethylsuccinonitrile) . . . . . . . . . {i 

R: + Q—-+> R-Q: (an aryloxy-radical) . . . . . . . . . . « (2) 

R: + R-Q: —~> R-O-R (a quinol diether) ae (3) 
R: + R-Q: —~> R-Q-H (a quinol monoether) + (?) olefin [CH,°C(CN):CH,] . (4) 


It was shown by Bickel and Waters (Rec. Trav. chim., 1950, 69, 1490) that 2-cyano-2 
propyl radicals do not react with toluene. When generated in this solvent they combine, 
to the extent of 84°, to give the dimer, tetramethylsuccinonitrile, and only to a slight 
degree interact by disproportionation. In the presence of a quinone, Q, these reactions 
{chiefly (1)] compete with the concurrent combination (2), and with succeeding rapid 
reactions, such as (3) and (4), which lead to the formation of stable addition and substitution 
products. 

In principle, when minor side reactions are neglected, the relative reactivities of different 
quinones, Q, and aryloxy-radicals, R-Q:, can be assessed by determination of the 
percentage yields of the reaction products of types R-R, R-Q-R, and R-Q-H;; e.g., a low 
yield of dimer R-R indicates the presence of a quinone of high reactivity towards 2-cyano- 
2-propyl radicals. Though the experimental difficulties encountered in the separation and 
purification of the various compounds resulting from quinone-radical interactions (3) and 

* Part IV, J., 1952, 3108 
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(4) are such that only ‘‘ crude percentage yields ’’ are worth consideration, it is fortunate 
that tetramethylsuccinonitrile can be separated effectively from all reaction mixtures on 
account of its volatility in steam and its insolubility in cold aqueous alkali and alkaline 
reducing agents. Thus a general procedure of first washing each initial reaction product 
with cold alkali to remove phenols, R-Q-H, produced by reaction (4), then distilling the 
product in steam, collecting the distillate, and removing quinones with alkaline sodium 
dithionite, leads to a nearly quantitative separation of the product, R-R, produced by 
reaction (1): the final involatile residue can be regarded mainly as material of type R-Q-R 
derived by reaction (3). 


TABLE 1. Yields, %, of the products of the reactions of 2-cyano-2-propyl radicals 
with quinones. 
Monoether, R-Q-H Diether, R-Q-R Dimer, R-R_ Redox potential 
Quinone crude pure crude pure pure of quinone, v 

1 : 4-Benzoquinones 
Chloranil ¢ 44:1 0-703 
2: 5-Diacetoxybenzoquinone ... ¢ — é ) 18-0 
Benzoquinone * f “f ~- . 25-7 0-711 
Toluquinone . j J 26-0 0-653 
2: 6-Dimethylbenzoquinone ... 6 8-5 0-600 
2 : 5-Dimethylbenzoquinone* ... 5-f : 5 : 7-5 0-597 
Thymoquinone . - 2 - “2 0-589 
2: 5-Diethoxybenzoquinone ... 2°3 “6 26 9- 57- 0-480 
2 : 5-Di-tert.-butylbenzoquinone all quinone recovered unchanged 0-554 
DUTOGUIMOMG ccccessccccsscsccseses . 93%, recovery of quinone s7° 0-466 
1 : 4-Naphthaquinones 
2 : 3-Dichloronaphthaquinone ... - 9-0 . 36-8 0-499 
Naphthaquinone ? 19 . 7 0-492 
2-Methylnaphthaquinone * - 0 0-422 
Phenanthraquinone — 0 20 17-7 0-471 
Anthraquinone 98% recovery of quinone 0-150 

* Bickel and Waters (Part I). ° 2-7% Yield of 2-substituted naphthaquinone. *¢ 3-8% Yield of 

lactone, indicative of nuclear substitution. 

From our experimental results, summarised in Table 1, we suggest that the quinones 
investigated decrease in reactivity [reaction (2)] towards 2-cyano-2-propyl radicals in the 
order given, since this is the order of ascending yield of the dimer R-R. Variations in 
relative yield of neutral and alkali-soluble products indicate, much less accurately, the 
relative velocities of processes (3) and (4). Both sets of observations may be considered 
in relation to the structures of the quinones concerned. 

From Table 1, columns 6 and 7, it can be seen that there is a partial correlation between 
the oxidation-reduction potential of a quinone, measured in aqueous ethanol containing 
n-hydrochloric acid, and the extent of its overall reaction with 2-cyano-2-propy] radicals. 
Though these redox potentials, which we have measured when necessary, do not exactly 
measure the redox potentials of the quinones in the toluene solutions used for their free 
radical reactions, they should certainly give a good indication of their relative ease of 
hydrogen-atom uptake, particularly since Kvalnes (J. Amer. Chem. Soc., 1934, 56, 667, 670, 
‘2487; Hunter and Kvalnes, tbid., 1932, 54, 2869) has shown that redox potentials of 
quinones in aqueous ethanol constitute a very good guide to the values of the equilibrium 
constants for quinone—quinol interactions in benzene solution. 

The irreversible reaction (5) and the equilibrium (6) are similar in that they are both 
additions to the oxygen atom of the quinone, and both involve energy changes from the 
quinonoid to the benzenoid resonance systems (cf. Evans and De Heer, Quart. Reviews, 
1950, 5, 94). 

> R-O-R 


Q + 2e + 2H* = HQ 


It would be expected therefore that quinones of high redox potential would most easily 
combine with 2-cyano-2-propyl radicals. In general this seems to be the case; quinones 
of lower redox potential than +-0-45 v appear not to react. There are, however, significant 
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exceptions amongst quinones of higher redox potential. Thus 2: 5-di-tert.-butyl-l : 4 
benzoquinone (+-0-554 v) does not react whilst phenanthraquinone (-+-0-471 v) and 2: 5- 
diethoxy-1 : 4-benzoquinone (+0-480 v) give good yields of reaction products. Again 
2 : 3-dichloro-1 : 4-naphthaquinone (+0-499v) was attacked much less than the 
unsubstituted naphthaquinone (0-492 v). We suggest that this lack of correlation between 
redox potential and quinone reactivity at the oxygen atoms towards free radicals is due 
to steric hindrance by the bulky groups vicinal to the oxygen atoms at which combination 
occurs. Effective collision rates can affect the speeds of irreversible processes such as (5), 
but cannot affect the equilibrium constants of reversible processes such as (6). In this 
connection it is significant that, when measuring the redox potentials of the sterically 
hindered quinones, such as 2 : 5-di-tert.-butyl-1 : 4-benzoquinone by the standard method 
with titanous chloride as the reducing agent, we noticed that after each addition of reducing 
agent the time required for attainment of electrochemical equilibrium was much longer 
than when unhindered quinones were used. Conant and Fieser (J. Amer. Chem. Soc., 
1923, 45, 2194; 1924, 46, 1858) have commented on the similar slow reductions of duro- 
quinone and anthraquinone, but have ascribed this to their low redox potentials. With 
the di-tert.-butyl-quinone, however, the redox potential is higher than in many other cases 
in which electrochemical equilibrium is soon attained. 

Such steric influences may well be important in determining the chain-stopping 
efficiencies of quinones in autoxidations or polymerisations. Effective chain-stopping 
reactions have very low activation energies, and so their velocities may be more dependent 
on collision frequencies than on energy factors. 

Only tentative conclusions can be reached about the relative yields of mono- and di- 
ethers, R-Q-H and R-Q-R, formed from different quinones, since the true yields of pure 
reaction products are not known. However, as Table 2 shows, there appears to be some 
relation between the ratio, crude monoether : crude diether, and the critical oxidation 
potential of the corresponding monohydric phenol, as given by Fieser (J. Amer. Chem. Soc., 
1930, 52, 5204; 1934, 54, 1565). 


TABLE 2. The relation between yields of 2-cyano-2-propyl addition products to quinones 
and the critical oxidation potentials of related phenols. 

Ouinone Ratio, monoether/diether Critical oxidation potential, v 
p-Benzoquinone (pure yields)...... 4-0 1-089 (phenol) 
foluquinone (crude yields) . 0-7 1-037 (1 Me) 

2 : 6-Dimethylbenzoquinone (crude yields) 0-21 0-985 (2 Me) 

2 : 5-Dimethylbenzoquinone , 7 O17 0-985 (2 Me) 

2 : 5-Diethoxybenzoquinone P 0-088 0-619 (2 OMe)} 
Chloranil (crude yields) ; jaaneds 0-25 1-104 

It is reasonable to suppose that the critical oxidation potential of a phenol, as defined 
by Fieser, is a measure of the stability of the corresponding aryloxy-radical, R°C,H,°O:; 
when this radical is very stable, as in the case of the radical reduction product of 9: 10- 
phenanthraquinone (cf. Goldschmidt and Schmidt, Ber., 1922, 55, 3197) the monoether 
does not appear to be formed in any appreciable quantity. Conversely it may be that 
active radicals R*C,H,°O* form monoethers in significant yield because they can easily 
pick up hydrogen atoms either from the solvent or, more probably, from the 2-cyano-2- 
propyl radicals. The stability of the semiquinone radicals of the phenanthrene series 
seems to be enhanced by the presence of vicinal groups, and a steric effect of this nature 
may perhaps explain the low yield of monoether from chloranil. 

From 1 : 4-naphthaquinone, alone amongst the quinones which we have examined, 
there was isolated in 2-7°%, yield the nuclear-substituted product 2-(2-cyano-2-propyl)- 
| : 4-naphthaquinone (I). The structure (I) was established by comparison of its ultra- 
violet spectrum with that of 1 :4-naphthaquinone and by reductive acetylation to the 
lactone (II). The infra-red spectrum of (11) showed a characteristic absorption maximum 
at 1805 cm."}, indicative of a Sy-unsaturated five-membered lactone ring (cf. Grove, J., 
1951, 884), as well as absorptions at 1764 and 1208 cm.~! indicative of an acetyl group and 
at 1400 and 1370 cm." indicative of the isopropyl group. Again, oxidation of (I) gave 
phthalic acid, showing that the nuclear substitution had occurred in the quinonoid ring. 
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The isolation of (I) is of interest in relation to the work of Fieser and Oxford (J. Amer. 
Chem. Soc., 1942, 64, 2060) and of Fieser and Chang (tbid., p. 2043) who have shown that 
2-methylnaphthaquinone, and a few substituted f-benzoquinones, undergo nuclear 
alkylation when treated with diacyl peroxides or lead tetra-acetate. The lack of initial 
nuclear attack on the substituted p-benzoquinones may perhaps be due to the sterk 
hindrance of the vicinal substituent groups, but unless one concludes that the much higher 
redox potential of p-benzoquinone than of 1 : 4-naphthaquinone renders it more prone to 
radical attack on oxygen rather than on carbon it is difficult to see why there should be, 
in our investigation, this difference in reactivity between the two. 

There is, however, clear evidence in the p-benzoquinone series of secondary attack 
[reaction (3) above] on carbon as well as on oxygen. For instance, in addition to the 
quinol mono- and di-ethers, there were isolated from the reactions with p-xyloquinone and 
thymoquinone the lactones (VIII; R! = CMe,°CN, R?, R* = Alkyl), the infra-red spectra 
of which had absorption maxima at 1800 cm. indicative of the lactone ring. 
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rhe first attack, at an oxygen atom, of a 2-cyano-2-propyl radical on a p-xyloquinone 
molecule would produce the aryloxy-radical (IIL; R* = CMe,*CN, R? = R® = Me) which 
is a mesomeric hybrid of benzenoid (IIIa) and ketonic (IIIb) forms. The addition of a 
second cyanopropyl radical can therefore yield both the quinol diether (IV; R! = R* 
CMe,°CN, R® = R* = Me) and the cyclic unsaturated ketone (V; R! = CMe,°CN, R? 
R? Me) which would tend to tautomerise to the nuclear-substituted phenol (VI). On 
account of the vicinity of the nitrile and hydroxy] groups, this could easily pass, via (VII), 
to the lactone (VIII) under the conditions used for the isolation of the individual reaction 
products [compare, for instance, Haworth and Hirst’s synthesis of ascorbic acid (J. Soc. 
Chem. Ind., 1933, 52, 645; J., 1933, 1420) in which the hydroxy-nitrile immediately 
cyclised and hydrolysed]. We have already suggested (see also Part I) that quinol mono- 
ethers are formed from reactions of aryloxy-radicals (III) with available hydrogen- 
containing solutes. Now the reaction of 2-cyano-2-propyl radicals with p-xyloquinone 
gives only a small percentage of the quinol monoether, but if a mixture of 
p-xyloquinone with #-xyloquinol is taken then the yield of the quinol monoether 
(IV; R?=CMe,CN, R* = R® Me, R*=H) is greatly increased, as would 
be expected if (111; R?# CMe,*CN, R? = R* = Me) attacked the quinol. 

Alternatively, however, this same monoether could possibly be formed by the direct 
attack of 2-cyano-2-propyl radicals on the semiquinone of #-xyloquinone itself (i.e., 11; 
XR? = R? = Me, R! = H) or perhaps on its corresponding quinhydrone dimer. This semi 
quinone (III; R! =H) being a mesomeric hybrid might be expected to give some 
nuclear-substituted product, via (IIIb). In fact there has been isolated from this reaction 
mixture not (IV; R! = R* = CMe,°CN) but the lactone (VIII; R! = CMe,°CN, R? 
R* = Me) together with the dilactone (IX) which could be derived from (III; R! = H, 
R* = R* = Me) by repeated attack in the manner suggested above. 

It may be concluded therefore that the structural characteristics of aryloxy-radicals 
(III) play an important part in determining the natures and the extent of combination 
reactions between free radicals and quinones. 
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EXPERIMENTAL 

Reaction of ax’-Azoisobutyronitrile with Toluquinone.—The azo-compound (Bickel and 
Waters, Rec. Trav. chim., loc. cit.) (16-4 g.) and the quinone (Chattaway and Parkes, J., 1925, 
1309) (12-2 g.) were refluxed in dry toluene (100 c.c.) for 30 minutes. After cooling, the red 
solution was extracted with an aqueous solution of potassium hydroxide (11 g.) and then with a 
similar solution containing sodium sulphite (4 g.) also. Toluene and tetramethylsuccinonitrile 
were removed by steam-distillation and the latter (26%; m. p. 166—167°) was separated by 
fractional distillation. The residue from the steam-distillation (46%) was extracted with ether, 
dried (Na,SO,), and distilled in a vacuum. It gave an oil which slowly crystallised (14%), 
b. p. 128—130°/0-15 mm. Crystallisation from aqueous ethanol gave prismatic needles of 
2-methylquinol di-(2’-cyano-2’-propyl) ether, m. p. 51—52° (Found: C, 69-8; H, 7-0; N, 10-7. 
C,5H,,0O,N, requires C, 69-7; H, 7-0; N, 10-8%). The infra-red spectrum exhibited the 
following bands: 2230cm.+ (weak), C=N group; 1610and 1505cm.-, aromatic C—C; 1390 and 
1375 cm.-!, CMe,; 860 and 826 cm.-!, unsymmetrical trisubstituted benzene ring. 

Alkaline hydrolysis followed by acidification yielded the corresponding dibasic acid, which 
crystallised from aqueous ethanol in rhombs, m. p. 121—122° (Found: C, 61-0; H, 6:8. 
C,5H,O, requires C, 60-8; H, 6-8%). 

The first aqueous alkaline extract was treated with sodium sulphite and then acidified; the 
resulting oil (11 g.) was distilled at 126—130°/0-3 mm. Oxidation of the crystalline portion (2-6 g.) 
of the product with an excess of ferric chloride at 100° gave toluquinone, m. p. and mixed m. p. 67°. 
Benzoylation yielded the monobenzoate of a 2-methylquinol 2’-cyano-2’-propyl ether; this ester 
crystallised from methanol in prisms, m. p. 83—84° (Found: C, 72-8; H, 6-0; N, 4:7. 
C,,H,,0,N requires C, 73-1; H, 5-8; N, 47%). Reaction of the solid with anhydrous ethanol 
and hydrogen chloride in dry dioxan at 0° yielded the corresponding imino-ether hydrochloride 
which after precipitation by dry ether and crystallisation from glacial acetic acid-ether had 
m. p. 124—125° (Found: C, 57-1; H, 7-3; N, 5-5. ©,3;H,,O,;N,HCl requires C, 57-0; H, 7-4; 
N, 5-1%). When heated above its m. p. this gave a 2-methylquinol 2’-carbamyl-2’-propyl ether 
which after crystallisation from dilute methanol had m. p. 146—147° (Found: N, 6:8. 
C,,H,,;0,N requires N, 6-7%). 

When the crude oil was benzoylated 2-methylquinol dibenzoate, m. p. 124°, was isolated 
(Found: C, 75-7; H, 4:8. C,,H,,O, requires C, 75-9; H, 4-8%). 

Reaction of ax’-Azoisobutyronitrile with 2: 6-Dimethyl-1 : 4-benzoquinone.—Reaction (as 
above) of the quinone (Cosgrove and Waters, /J., 1951, 1726) (5-1 g.) and the azo-compound 
(6-15 g.) gave tetramethylsuccinonitrile (38%). Acidification of the alkaline extract gave a 
dark oil (8-6%), presumably the monoether. The neutral residue, after steam-distillation, was 
extracted with ether and yielded an oil (41%) which after chromatography on active alumina, 
benzene being used as eluent, yielded 2: 6-dimethylquinol di-(2’-cyano-2’-propyl) ether, prisms 
(from MeOH), m. p. 59° (Found: C, 70-6; H, 7-5; N, 10-3. C,,H,.O,N, requires C, 70-6; H, 
7-4; N, 103%). Alkaline hydrolysis yielded the corresponding dibasic acid as an oil which 
eventually solidified; its S-benzylthiuronium salt had m. p. 175—179°. 

Reaction of «aa’-Azoisobutyronitrile with 2 : 5-Dimethyl-1 : 4-benzoquinone.—The azo-compound 
(23 g.) and the quinone (19 g.) (Kehrmann and Stiller, Ber., 1912, 45, 3348) were refluxed in dry 
toluene (140 c.c.) for 30 minutes. After cooling, part of the excess of quinone crystallised and 
was collected. The solution that remained was distilled in steam; the distillate gave tetra- 
methylsuccinonitrile (47:-2%). The residue gave a neutral fraction (346%) which was 
chromatographed on activated alumina (500 g.), benzene-light petroleum (40—60°) (3: 7) 
being used. From the first 2-5 1. of eluant a solid (2-8 g.) was obtained which, when crystallised 
from light petroleum (40—60°), gave needles, m. p. 84°, of 2: 5-dimethylquinol di-(2’-cyano-2’- 
propyl) ether (Found: C, 70-9; .H, 7-5; N, 10-4. C,,H,.O,N, requires C, 70-6; H, 7-4; N, 
10-3%). The infra-red spectrum showed the following bands: 2235 cm.7, C=N group; 
1513 cm.+, aromatic C—C; 1400, 1390, and 1375cm.-1, CMe, group; 1200, 1160, and 1120 cm.-, 
C—O group in ether; 875 cm.-!, 1: 2:4: 5-tetrasubstituted benzene nucleus. Hydrolysis with 
alcoholic potassium hydroxide gave the corresponding dibasic acid, m. p. 145—146°, identical 
with a specimen prepared by hydrolysis of the authentic diethyl ester (see below). Reaction 
with dry ethanol and hydrogen chloride in anhydrous dioxan at 0° yielded the corresponding 
di-imino-ether hydrochloride which was precipitated by ether and after crystallisation from 
acetic acid-ether had m. p. 252—254° (decomp.) (Found: C, 54:4; H, 7:8; N, 8&l. 
CooH,0,N2,2HCI requires C, 54-9; H, 7-8; N, 64%). Heating of this hydrochloride in alcohol 
for 30 minutes gave 2: 5-dimethylquinol di-(2’-carbethoxy-2’-propyl) ether, prisms (from MeOH), 
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m. p. 69—70° not depressed after admixture with an authentic specimen prepared as described 
below. 

A second fraction (2-7 1.) from the chromatogram gave a mixture (1-5 g.) of needles and 
short crystals, whilst the last 3-7 1. (with an increased proportion of benzene) gave short rhombic 
crystals (from light petroleum) of the lactone (1-04 g.) of 2-(2-carboxy-2-propyl)-4-(2-cyano-2- 
propoxy)-3 : 6-dimethylphenol; this had m. p. 105—106° (Found: C, 70-5; H, 7-2; N, 50%; 
M, 249. C,,H,,O,N requires C, 70-3; H, 7-0; N, 51%; M, 273). The infra-red spectrum 
showed the following bands: 1800 cm.-!, five-membered fy-unsaturated lactone ring; 1406, 
1390, and 1370 cm.-!, CMe, group; 1100 cm., C-O group; 870 cm.", H-C of penta- 
substituted benzene ring. This lactone could also be separated from the di-ether by slow 
crystallisation from light petroleum whereby large crystals were obtained which could be hand- 
picked. 

The .alkaline solution from the original reaction mixture, after acidification with dilute 
sulphuric acid, gave an oil (1-7 g., 5-9%) which was collected in ether; this gave plates (from 
50% ethanol), m. p. 111°, of 4-(2’-cyano-2’-propoxy)-2 : 5-dimethylphenol (Found: C, 70-0; H, 
7-1; N, 6-4. C,.H,,O,N requires C, 70-2; H, 7-3; N, 6-8%). Its benzoate crystallised from 
ethanol in fine needles, m. p. 64° (Found: C, 73-6; H, 64; N, 4:8. C,,H,,O,;N requires C, 
73°8; H, 6:2; N, 4:5%). 

On oxidation with ferric chloride at 100° the hydroxy-compound gave p-xyloquinone, m. p. 
and mixed m. p. 126°. The corresponding imino-ether hydrochloride, when crystallised from 
acetic acid-ether, had m. p. 117—118° (decomp.) (Found: C, 58-5; H, 7:8; N, 5-0 
C,,4H,,O,N,HCI requires C, 58-4; H, 7-7; N,4:9%). Its infra-red spectrum showed the following 
bands: 3200cm.-!,O-H or N-H; 1660cm.-!,C—N; 1600and 1525cm.-!, aromatic C—O; 1410, 
1390, and 1365 cm.-1, CMe, group. When heated this compound gave the corresponding amide, 
m. p. 172° (from ethanol) (Found: C, 64-6; H, 7-5; N, 64. C,,H,,O,;N requires C, 64-5; 
H, 7-6; N, 6-3%). 

Synthesis of 2: 5-Dimethylquinol Di-(2’-carbethoxy-2’-propyl) Ether.—A solution of sodium 
ethoxide [from sodium (0-81 g.) and ethanol (20 ml.)} was treated successively with 2-methy]l- 
quinol (2-5 g.) and ethyl «-bromoisobutyrate (7-0 g.) and refluxed until it was neutral (phenol- 
phthalein) (1 hour). After removal of the alcohol, the product was extracted with ether, the 
extract dried, the ether removed, and the residue crystallised from dilute ethanol; it formed 
prisms, m. p. 70° (Found: C, 65-8; H, 8-3. C, 9H, 90, requires C, 65-6; H, 82%). Its infra- 
red spectrum showed the following bands; 1730 cm.-?, C—O in ester; 1410, 1385, and 1370 cm.-}, 
CMe, group; 1515 and 860 cm.-!, aromatic ring; 1212, 1180, 1150, and 1100 cm.-!, C—O in ester 
Alkaline hydrolysis yielded the corresponding dibasic acid, in short prisms (from aqueous 
ethanol), m. p. 146° (see above) (Found: C, 62-1; H, 7-3. C,gH,.O, requires C, 61-9; H, 7-1%) 

Reaction of ax’-Azoisobutyrate with Thymoquinone.—A solution of the azo-compound (32-7 g.) 
and thymoquinone (32-8 g.) (Kremers and Wakeman, Zentr., 1910, I, 24) in dry toluene (200 c.c.) 
was refluxed for 30 minutes. Tetramethylsuccinonitrile (49-2%) was separated by distillation 
in steam; the residue after being washed with alkaline dithionite and extracted with ether gave 
a reddish oil (32%) which was chromatographed through activated alumina (150 g.) with light 
petroleum (60—80°). A colourless oil was obtained which solidified when rubbed and gave 
rhombic crystals (from aqueous MeOH), m. p. 50°, of 2-methyl-5-isopropylquinol di-(2’-cyano-2’- 
propyl) ether (Found: C, 71-9; H, 8-2; N, 9-5. C,gH,,O,N, requires C, 71-9; H, 81; N, 
9-3%), together with the lactone of 2-(2-carboxy-2-propyl)-4-(2-cyano-2-propoxy)-3(6)-methy]- 
6(3)-isopropylphenol as prismatic needles, m. p. 64° (Found: C, 71:9; H, 7:7; N, 46 
C,,H,,0,N requires C, 71-7; H, 7-7; N, 46%). The infra-red spectrum of this compound 
showed the following bands: 1800 cm.-', C—O of five-membered fy-unsaturated lactone ; 
1630 and 1490 cm.-!, aromatic C—C; 1400, 1385, and 1370 cm.-1, CMe, group; 1225 and 
1105 cm., C-O. No attempt was made to discriminate between the alternative positions of 
nuclear substitution. The original alkaline extract on acidification gave a crude oil (1%) in 
amount too small for isolation of the pure quinol monoether. 

Reaction of ax’-Azoisobutyronitrile with 2: 5-Diacetoxy-1 : 4-benzoquinone.—The diacetoxy- 
quinone [prepared from 2: 5-dihydroxy-1: 4-benzoquinone as described by Kehrmann and 
Sterchi (Helv. Chim. Acta, 1926, 9, 859)] (4-36 g.), m. p. 150—152°, was treated with an equimolar 
proportion of the azo-compound in the usual way and on cooling unchanged quinone (0-42 g.) 
separated. The toluene solution was extracted with 5% aqueous potassium hydroxide (50 ml.) 
and then with a similar solution containing also sodium sulphite (0-5 g.). Toluene and tetra- 
methylsuccinonitrile (18%) were removed by steam distillation, and the residue (32% calc. as 
diether) was crystallised from ethanol, giving small prisms (6%), m. p. 146—147° of 2: 5-di- 
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acetoxyquinol di-(2’-cyano-2’-propyl) cther (Found: C, 59-9; » 68; N, 7-7. Cy H,,O,N, 
requires C, 60-0; H, 5-6; N, 7-7%). 

The alkaline solutions were acidified and the oil which separated was extracted with ether 
and dried (Na,SO,). Removal of the ether left a solid (23% calc. for mono-ether) which 
decomposed in the air. 

Reaction of aa’-Azoisobutyronttrile with 2: 5-Diethoxy-1 : 4-benzoquinone.—The quinone 
(Knoevenagel and Biickel, Ber., 1901, 34, 3994) was purified by chromatography on alumina, 
chloroform being used as solvent, and then crystallised from methanol; it had m. p. 183°. The 
reaction was carried out, with 0-03 mole of each reagent, in the normal manner. The excess 
of quinone crystallised from the cooled toluene solution, and more (total recovery, 59%) was 
obtained by concentrating the solution, which was then washed successively with cold alkali and 
cold alkaline dithionite. Tetramethylsuccinonitrile (58%) was separated, and the neutral 
residue (26%) was chromatographed on activated alumina, benzene being used. Crystallisation 
of the product from ethanol gave plates, m. p. 108°, of 2 : 5-diethoxyquinol di-(2’-cyano-2'-propyl) 
ether (Found: C, 65-3; H, 7-4; N, 8-5. C,,H,O,N, requires C, 65-0; H, 7-3; N, 84%). 
Alkaline hydrolysis in aqueous ethanol yielded the corresponding dibasic acid, needles (from 
ethanol), m. p. 143° (Found: C, 58-4; H, 7-3. C,,H,,.O, requires C, 58-4; H, 7-1%). When 
the ether was heated for 3 hours at 200—220° with acetylpyridinium chloride a white product, 
m. p. 205—208°, was obtained; this was probably 1 : 2: 4: 5-tetra-acetoxybenzene (m. p. 217°). 
Reaction of the dinitrile with anhydrous ethanol and hydrogen chloride in dry dioxan at 0° for 
4 days gave the corresponding di-imino-ether hydrochloride, m. p. 204—206° after crystallistion 
from acetic acid-ether (Found: C, 52-9; H, 7-8; N, 5-6; Cl, 14-8. C,,H,,0,N,,2HCl requires 
C, 53-1; H, 7°7; N, 5-6; Cl, 14-3%). 

The original alkaline extract was treated with sodium sulphite and then acidified. The 
product which separated (23%) was extracted with ether, dried, and crystallised from light 
petroleum (40—60°), whereupon 2: 5-diethoxyquinol mono-(2’-cyano-2’-propyl ether) separated in 
two interconvertible crystalline forms, (i) prismatic needles, m. p. 72—73°, and (ii) short prisms, 
m. p. 83—84°, which when kept under petroleum in the presence of the needles changed to (i) 
(Found: C, 63-4; H, 7-3; N, 5:5. C,,H,,O,N requires C, 63-4; H, 7-2; N, 53%). The infra- 
red spectrum showed the following bands: 3400 cm.!, O-H group; 1600 and 1515 cm.-, 
aromatic C—C; 1390 and 1370 cm.+, CMe, group; 1220, 1175, 1155, and 1110,C-O; 855 cm.-, 
para C~H groups of benzene ring. The characteristic band of the C=N group was absent 
(cf. Kitson and Griffith, Anal. Chem., 1952, 24, 334). The benzoate formed rhombic prisms, 
m. p. 66°, after crystallisation from alcohol (Found: C, 68-3; H, 63; N, 3-3. C,,H,,;0,N 
requires C, 68-2; H, 6-3; N, 3-7%). 

In another experiment, in which quinone which had been purified only by crystallisation 
from alcohol was used, the yields were : tetramethylsuccinonitrile 55-6%, crude diether, 7-2%, 
phenolic compound 22-9%, and recovered quinone 44%. This change in relative yields of 
mono- and di-ethers is indicative of the use of a quinone—quinol mixture. 

Attempted Reactions with Duroquinone and with 2: 5-Di-tert.-butyl-1 : 4-benzoquinone.—The 
duroquinone, prepared via durene (Org. Synth., Coll. Vol. 2, p. 248), was purified by steam- 
distillation to m. p. 109—110°. The di-tert.-butyl-quinone was prepared by oxidising the quinol 
with ferric chloride in alcoholic hydrochloric acid; the product (sublimed in a vacuum and 
crystallised from ethanol) had m. p. 153° (Found: C, 76-2; H, 9-2. Calc. for C,,H,,O,: C, 
76-3; H, 9-1%). 

From the reaction of duroquinone with the azo-compound 67% of tetramethylsuccinonitrile 
was recovered and 93% of the quinone, together with 6-6% of 2:3: 5-trimethyl-2: 3: 5-tri- 
cvanohexane (cf. Bickel and Waters, Rec. Trav. chim., loc. cit.). 99% of the di-tert.-butyl- 
quinone was recovered after the corresponding reaction with this substance. 

Reaction of «x’-Azoisobutyronitrile with 1: 4-Naphthaquinone.—The azo-compound (28-7 g.) 
and the quinone (27-7 g.) were refluxed in toluene (200 c.c.) for 30 minutes and the cooled 
solution was extracted successively with aqueous potassium hydroxide (400 ml.; 5%) and with 
a similar alkakne solution containing sodium sulphite (4 g.). The toluene and tetramethyl- 
succinonitrile (47%) were removed with steam, and the residue (18%) was chromatographed 
through activated alumina, with benzene, yielding 1 : 4-di-(2-cyano-2-propoxy)naphthalene 
(1-3), m. p.’ 108°, needles (from ethanol) or prisms (from methanol) (Found: C, 73-3; H, 6-4; 
N, 9°5. CygH,,O,N, requires C, 73-4; H, 6-2; N, 9-5%). In another experiment using 
0-10 mole of each reactant, the crude neutral fraction (18-5%) was distilled, giving an oil, 
b. p. 165—175°/0-3 mm., which crystallised and yielded yellow plates (from methanol) of 
2-(2-cvano-2-propyl)-1 : 4-naphthaquinone (2-7%), m. p. 105—106° (Found: C, 74-5; H, 5-0; 
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N, 6-1. C,,H,,O,N requires C, 74:6; H, 4:9; N, 62%). Comparative measurements of 
ultra-violet absorption spectra substantiate the structure given above : 
Quinone Maxima, A log €molar 

1 : 4-Naphthaquinone 2480, 3300 4-23, 3-46 

2-Methyl-1 : 4-naphthaquinone 2500, 3310 4-21, 3-41 

2-(2-Cyano-2-propy])-1 : 4-naphthaquinone 2520, 3340 4-24, 3-42 
From the mother liquor a small amount of 1 : 4-di-(2-cyano-2-propoxy)naphthalene, m. p. 107— 
108°, was also separated. 2-(2-Cyano-2-propyl)naphthaquinone (0-18 g.), zinc dust (0-18 g.), 
and a drop of triethylamine were heated in acetic anhydride (1-2 c.c.) until decoloration 
occurred, and then for a further 90 seconds. The mixture was fractionally extracted with hot 
glacial acetic acid (4 c.c.) and filtered, and the boiling solution then treated cautiously with 
water (9 c.c.) and allowed to cool whereupon needles (0-15 g.) separated of the lactone of 
4-acetoxy-2-(2-carboxy-2-propyl)-l-naphthol, m. p. 133° (from ethanol) (Found: C, 71-3; 
H, 5-0. C,,H,,O, requires C, 71-1; H, 5-2%). Its infra-red spectrum showed the following 
bands: 1805 cm.-!, C—O of @y-unsaturated five-membered lactone ring; 1765 cm.-!, C—O of 
AcO; 1600 cm.-, aromatic C—C; 1400 and 1370 cm.-!, CMe, group; 1208 and 1085 cm.-', C-O 
in ester; and 859 and 763 cm.-!, H~-C bonds in naphthalene nucleus. 

A suspension of the substituted naphthaquinone in dilute sulphuric acid was oxidised at 
40° with an excess of potassium permanganate. Ether extraction of the cooled solution gave 
phthalic anhydride, m. p. 129—130° (after sublimation) (positive fluorescein test). 

Reaction of aa’-Azoisobutyronitrile with 2: 3-Dichloro-1 : 4-naphthaquinone.—The quinone 
(16-7 g.; m. p. 193°) Ullmann and Ettisch, Ber., 1911, 54, 262) and the azo-compound (12 g.) 
were refluxed for 30 minutes in toluene; on cooling unchanged quinone (75%) separated. The 
toluene solution was washed twice with potassium hydroxide solution (5%; 160 c.c.), then with 
a solution of stannous chloride in dilute hydrochloric acid, and again with potassium hydroxide 
solution. Toluene and tetramethylsuccinonitrile (67%) were removed by steam-distillation, 
and the residue (9% calc. as di-ether) was separated by ether extraction. Purification through 
activated alumina, with benzene, gave a little unchanged 2 : 3-dichloronaphthaquinone and then 
2 : 3-dichloro-1 : 4-di-(2-cyano-2-propoxy)naphthalene (1:1%), m. p. 134° (after crystallisation 
from ethanol and dilute acetic acid) (Found: C, 59-4; H, 4:5; N, 7-4. C,,H,,O,N,Cl, requires 
C, 59-5; H, 4:4; N, 7-7%). No phenolic product separated on acidification of the alkaline 
extract. 

Reaction of «x’-Azoisobutyronitrile with 9: 10-Phenanthraquinone.—After completion of the 
usual reaction between the quinone (20-8 g.) and the azo-compound much of the excess of 
quinone crystallised on cooling. The toluene solution was washed thrice with 2-5% potassium 
hydroxide solution (total 250 c.c.), then water, and finally was heated with saturated aqueous 

odium hydrogen sulphite (100 c.c.). By steam-distillation tetramethylsuccinonitrile (49%) 
was separated. The residue, which solidified, was crystallised from ethanol, giving 9: 10-d1- 
(2-cyano-2-propoxy) phenanthrene (17-7%), m. p. 147—148° after further purification through 
activated alumina and crystallisation from methanol (Found: C, 76-9; H, 6-0; N, 7-7. 
Cy2H,,O,N, requires C, 76-7; H, 5-8; N, 8-1%). The infra-red spectrum showed the following 
bands: 1613 cm.-!, aromatic C—C or C—N; 1490 cm.-!, aromatic C—C; 1205 and 1110cm.+, 
C-O. The characteristic (weakish) absorption band of the nitrile group was not observed. Alkaline 
hydrolvsis in aqueous ethanol gave a rather insoluble monoamide which crystallised from ethanol 
in needles, m. p. 306—310° (decomp.) after being vacuum-dried at 150° (Found: C, 73-1; H, 
6-3; N, 7:7. Cy.H..O,N, requires C, 72-9; H, 6-1; N, 7-7%). The corresponding mono- 
imino-ether hydrochloride crystallised from glacial acetic acid—ether in prisms, m. p. 143—145° 
(decomp.) (Found: C, 67-8; H, 6-6; N, 6-7. C,,H,,O,N,,HCl requires C, 67-5; H, 6-4; N, 
6-6%). When this salt was heated at 150° until decomposition was complete, the preceding 
mono-amide, m. p. and mixed m. p. 307—310° (decomp.), was obtained, together with a product, 
rhombs (from ethanol), m. p. 214—216° (Found: C, 77-5; H, 54; N, 54. C,,H,,0O,N 
requires C, 77-9; H, 54; N, 51%). ‘The infra-red spectrum of this product showed the 
following bands; 3220 cm.-!, bonded O-H or N-H; 1690 cm. (strong), C—WN in imino-ether; 
1650 cm.7, C—N; 1615 and 1515 cm.-1, aromatic C—C; 1380 and 1360 cm.-1, CMe, group; 1225 
and 1125 cm.-!, C-O. It may possibly be a cyclic imide formed from the phenanthraquinol 
diether by the loss of methylacrylonitrile, but the amount isolated was too small for further 
investigation. It may be noted that phenanthraquinone is the only 1 : 2-quinone which we have 
examined, and cyclisation of its reaction products may be possible. 

Attempted Reaction with Anthraquinone Because of the low solubility of the quinone a 
solution of 0-05 mole of quinone in 500 ml. of toluene had to be used. Most of the quinone 


l3u 
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. 
separated unchanged when the reaction mixture was cooled, and, after concentration, the total 
recovery was 98%. A 79% yield of tetramethylsuccinonitrile was also obtained and no phenolic 
product could be detected. 

The Reaction of a«’-Azoisobutyronitrile with a Mixture of p-Xyloquinone and the Corresponding 
Quinol.—A mixture of the azo-compound (14-3 g.), the quinone (9-4 g.) and the quinol (2-05 g.) 
was heated in toluene (85 ml.) for 30 minutes. Toluene, tetramethylsuccinonitrile (46%), and 
unchanged quinone were removed by steam-distillation, and the residue was extracted with 
ether and washed first with 5% aqueous potassium hydroxide and then with a similar solution 
containing sodium dithionite. After removal of the solvent the reddish residue (3-95 g.) was 
chromatographed on activated alumina (70 g.) with benzene. The first 200 c.c. of solution gave 
short prisms [from light petroleum (b. p. 40—60°)], m. p. 224° (0-36 g.), of the dilactone of 
3 : 6-di-(2-carboxy-2-propyl)-2 : 5-dimethylquinol (Found: C, 70-0; H, 67%; M, 249. 
C,,H,,0, requires C, 70-0; H, 66%; M, 274). The infra-red spectrum showed the following 
bands: 1800 cm.-!, C—O in Sy-unsaturated five-membered lactone ring; 1505 cm.-!, aromatic 
C—C; 1390 and 1370 cm.“, CMe, group; 1215 cm.!, C~O in lactone. The characteristic 
absorption band at 3030—3070 cm.-, indicative of an aromatic C-H group, was absent from 
the spectrum in CCl,, showing that the benzene ring was fully substituted. Again the band at 
1110 cm.-1, indicative of O-C, when the carbon is fully saturated as in ether, was absent. 

From the mother liquor and the succeeding fractions of the eluate there was isolated 
2-(2-carboxy-2-propy])-4-(2-cyano-2-propoxy)-3 : 6-dimethylphenol lactone, m. p. and mixed 
m. p. 105—106°. The alkaline extract on acidification yielded an oil (4-55 g.) from which, by 
crystallisation from 50% ethanol, there was separated 4-(2-cyano-2-propoxy)-2 : 5-dimethyl- 
phenol, m. p. and mixed m. p. 110—111 

The Determinations of Oxidation—Reduction Potentials —The measurements were made with 
a Tinsley D.C. potentiometer, type 3184. The cell was a 400-c.c. deep Pyrex beaker immersed 
in a thermostat at 25° + 0-1°. It was fitted with a waxed cork through which passed (i) a bright 
and a platinised platinum electrode, (ii) a salt bridge leading to a saturated calomel electrode, 
(iii) the tip of a burette containing 1% titanous chloride in n-hydrochloric acid, (iv) a mercury- 
sealed stirrer, and (v) inlet and exit tubes for oxygen-free nitrogen which had previously been 


TABLE 3. Oxidation-reduction potentials in 80°, ethanol containing N-hydrogen chloride. 
Differences, mv. 
Quinone 20% redn. 80% redn. Be, ¥. Ey, average, V. 
2 : 5-Di-tert.-butyl-1 : 4-benzoquinone... 4 y 0-553 +0-5535 
0-554 
0-600 +0-600 
0-600 
5 +-Q-4225 +0-4225 
: { 0-4225 


2-Methyl-1 : 4-naphthaquinone 


| 
l 
2 : 6-Dimethyl-1 : 4-benzoquinone l 
l 
l 
2 


passed through a similar solvent to that contained in the cell. All the measurements were made 
in carefully purified 80% ethanol containing N-hydrogen chloride, and by using a hydrogen 
electrode to determine the potentials of each solvent it was possible to correct all oxidation 
reduction potentials to the standard scale. For example, check measurements with p-benzo- 
quinone and 2: 5-diethoxy-1 : 4-benzoquinone gave 0-712 and 0-4735 v, respectively [Conant 
and Fieser (J. Amer. Chem. Soc., 1922, 44, 2480; 1924, 46, 1858) give 0-712 and 0-474 v]. 

Solutions (0-001—0-003Mm) of freshly purified quinones in buffer (200 ml.) were used, and 
after each addition of the reducing agent the system was left until both the bright and the 
platinised platinum electrode gave the same potential value (5—10 minutes). The normal 
potentials were calculated by interpolation of the titration curves for 50% reduction. As an 
indication of the gradients of these curves Table 3 gives the potential differences at 20% and 
80% reduction. Difficulties arising from slow reduction have already been noted (p. 4668). The 
other potentials given in Table 1 are those by Conant and Fieser (J. Amer. Chem. Soc., 1923, 
45, 2208; 1924, 46, 858). The redox potential of 2-methyl-1 : 4-naphthaquinone had not 
previously been determined in this solvent. 


Microanalyses are by Drs. Weiler and Strauss. 

We thank Dr. F. B. Strauss for help with the measurements and interpretation of the spectra, 
which have been checked against standard literature references to the end of 1951. 

One of us (F. J. L. A.) thanks the Consejo Superior de Investigaciones Cientificas, Spain, for 
financial assistance in enabling him to carry out this work. 
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Bamford and Stevens. 


911. A New Reaction of Aliphatic Diazo-compounds. 
By W. R. BAmForpD and T. S. STEVENS. 


It is shown that aliphatic diazo-compounds react with certain tertiary 
amines, giving nitrogen and a base believed to be produced by the reactions : 
R,C—N, —> R,C:+ N,; R,C. + NMe,R’ —>» R,C—NMe,R’ — 
R,R’CsNMe,. 


STAUDINGER and MEYER (Helv. Chim. Acta, 1919, 2, 608) showed that aliphatic diazo- 
compounds do not combine with tertiary amines as they do with phosphines; dipheny]l- 
diazomethane when heated with triethylamine undergoes the same decomposition to 
benzophenone azine as when heated in other solvents. If the first product of decomposition 
of the diazo-compound is the uncharged diphenylmethylene radical Ph,C:, it is conceivable 


that this will co-ordinate, reversibly, with the amine, giving Ph,C—-NEt,, although in the 
end its fate is to combine with unchanged diazo-compound, yielding the azine. A case 
might then be found in which the dipolar ion would be stable or would undergo 
irreversible change to a significant product. We failed to effect the combination of 
diazofluorene with fluorenone methylimine to give the specially stabilised compound (I) ; 


> .H : “H. /NMe 
I 4 i] 1 4 ‘of a 
wH, C,H, H 


Cin... 
SC—-N=CK 


\ CH,Ph 


(IIT) 


/CHyPh 


\NMe, 
(IT) 


but diazofluorene and benzyldimethylamine afforded a considerable amount of 9-benzyl-9- 
dimethylaminofluorene (II). Wittig and Felletschin (Annalen, 1944, 555, 133) obtained 
the same compound from (III) via the unstable (IV). 

Diazofluorene reacted similarly with fluorenyldimethylamine : 


Gea . HAH, HA YMe WAH, 
JN: ao Me,N-C. —_ > ee” (V) 
C,H, oH, “6 “ b. oH, 
The same product was obtained from bromofluorene and fluorenyldimethylamine in presence 
of alkali : 


Hy : i Gert CHAF ! : _ NHMe, CoH % 
CH-NMe, + Br-C. — | JON Meg’. — (Vv) <— | =X 
C,H, C,H,’ c C,H,/ C,H, 


and its properties agreed with those recorded by Pinck and Hilbert (J. Amer. Chem. Soc., 
1935, 57, 2401) for the product of addition of dimethylamine to difluorenylidene. 
Diazofluorene did not react in a similar way with fluorenylmorpholine, and with 
(diphenylmethyl)dimethylamine gave only the base (V). This curious result could be 
accounted for as follows : 
CHA ¢ : ad ae oH. 
| é—Aie,—CHPh, NMe,CHPh, + | >C: 
CH, C,H, H,. H 
FN t \A 
{I anil i C—iime,—C 
x : " CoH C,H, | NCH, 
CH—NMe,—CPh, Ph,C: + | CH-NMe, 
C,H, C,H, (V) 


C,H 


The same product was obtained from diphenyldiazomethane and fluorenyldimethylamine. 
Fluoreny] bromide with (diphenylmethyl)dimethylamine, and diphenylmethy] bromide with 
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fluorenyldimethylamine, at 100°, gave in each case the base (V). In order to avoid 
analytical uncertainties arising from the similarity in composition of fluoreny] and diphenyl- 
methyl compounds, experiments with nitrofluorene compounds were projected, but 
9-bromo-2-nitrofluorene gave only dinitrodifluorenylidene with (diphenylmethyl)dimethyl- 
amine. With benzyldimethylamine and fluorenyldimethylamine the products of rearrange- 
ment of the normal quaternary salts were obtained. 

Phenyldiazomethane and fluorenyldimethylamine afforded the base (V1) isomeric 
with (II), suggesting that prototropic change of the intermediate (VII) to the more stable 
(IV) is slower than the rearrangement. For comparison, (VI) was synthesised by direct 
combination of dimethylamine with benzylidenefluorene, the expected direction of addition 
being that involving attachment of the nitrogen atom to the «a-carbon atom of the 
benzylidene group. 


CoH, Dib bits iu . 
(VI) | CH-CHPh-NMe, ‘SCH—NMe,—CHPh (VII) 
C,Hy/ * HY 


6 


No analogous interaction was observed with the following pairs of reactants: phenyl- 
diazomethane with benzyldimethylamine or (diphenylmethyl)dimethylamine; diphenyl- 
diazomethane with (diphenylmethyl)dimethylamine; diazoacetophenone with fluorenyl- 
dimethylamine; diazodeoxybenzoin with benzyldimethylamine. The failure with the 
last two diazo-compounds may be attributed to their tendency to decompose to ketens : 
Ph:CO*CR=N, —> N, + Ph-CR—C—O ; with benzyldimethylamine, however, diazoaceto- 
phenone gave a little of the expected product, Ph*CO*CH(N Me,)*CH,Ph. 

It is difficult to analyse the effect of structure on the incidence of this reaction. Fore- 
seeable influences are complicated, and from the nature of the compounds studied, steric 
considerations may be important. It is noteworthy that the diphenylmethy] grouping 
appears in general to be unfavourable. 

The reaction offers a possible synthetic route to a-dimethylamino-acids : R*NMe, + 
N,—CH:CO,Et —> RN Me,"CH’CO,Et —~+ NMe,’CHR’CO,Et; but fluorenyldimethyl- 
amine gave with ethyl diazoacetate only a trace of amphoteric material after hydrolysis, 
and with diethyl diazomalonate none at all. 

An experiment of a similar type with a sulphur compound, Ph,C—N, + Ph-CH,*SMe —> 


Ph,C-SMe-CH,Ph —» Ph,C(SMe)-CH,Ph, gave no decisive result. The corresponding 
oxygen compound reacted thus: 2Ph,C—N, + 2Ph°CH,-OMe —> 2N, + (Ph,CH), + 
(Ph-CH*OMe),, suggesting that diphenylmethylene radicals had abstracted hydrogen 
atoms from the ether and both univalent radicals had then dimerised. 


EXPERIMENTAL 

In each experiment the diazo-compound was added portionwise to the base, at such a tem- 
perature, varying from below 100° for phenyldiazomethane to 150° for diazofluorene, that a 
steady reaction was maintained without further external heating. 

Diazofluorene (Nenitzescu and Solomonica, Org. Synth., 1935, 15, 62) and Renzyldimethyl- 
amine.—tThe filtered ethereal solution of the melt was extracted with hydrochloric acid, and the 
basic material, not volatile in steam, crvstallised from methanol (30%). It was identical 
(mixed m. p. of base and picrate) with 9-benzyl-9-dimethvlaminofluorene prepared from benzyl- 
fluorenyldimethylammonium bromide (Marrian, Thesis, Glasgow, 1941). 

Diazofluorene and 9-Fluorenyldimethvlamine.—The base was prepared by Wittig and Nagel’s 
method (Chem. Ber., 1950, 83, 109); the procedure of Ingold and Jessop (J., 1929, 2361) gave 
appreciable quantities of 9-dimethvlamino-9 : 9’-difluorenyl. The basic material from the 
interaction of diazofluorene and fluorenyldimethylamine was fractionally crystallised from 
methanol; the least soluble fraction crystallised from benzene—ligroin in colourless rhombs 
(45%), m. p. 214—216° (Found: C, 90-1; H, 6-3; N, 3-7. Calc. for C,,H,,;N: C, 90-0; H, 
6-2; N, 3-89). The same (mixed m. p.) dimethylaminodifluorenyl was obtained by refluxing 
9-bromofluorene with 9-fluorenyldimethylamine in alcoholic potassium hydroxide for 1 hour. 
The picrate crystallised from alcohol in yellow needles, m. p. 208—209° (Found: N, 91. 
C,,H.3N,C,H,O,N, requires N, 9-3%). 
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9-Fluorenylmorpholine was prepared from bromofluorene (2-4 g.) and morpholine (1-7 g.) 
inether. After 15 hours the precipitated hydrobromide, m. p. 241° (decomp.) after crystallisation 
from water, was basified with ammonia; the free base (55°) crystallised from ligroin in prisms, 
m. p. 149° (Found: 81-0; H, 6-8; N, 5-9. C,,H,,ON requires C, 81-2; H, 6-8; N, 56%). 

Diazofluorene and (Diphenyimethyl)dimethylamine.—The base was obtained (94%) when a 
solution of diphenylbromomethane (5 g.) and dimethylamine (2 g.) in nitromethane (10 c.c.) 
was kept overnight and the basic material isolated in the usual way. The basic product not 
volatile in steam, from the reaction between diazo-compound (4 g.) and base (2 g.), crystallised 
from benzene-ligroin in rhombohedra (Found: C, 90-1; H, 6-1; N, 38%); it was identical 
(mixed m. p. of bases and picrates) with authentic 9-dimethylamino-9 : 9’-difluorenyl. 

Diphenyldiazomethane and Fluorenyldimethylamine.—Benzophenone (50 g.), 90% hydrazine 
hydrate (20 c.c.), and ethylene glycol (50 c.c.) were refluxed for 6 hours. The hydrazone, 
deposited on cooling, was crystallised from alcohol (yield 85%) and oxidised with mercuric oxide 
in ligroin in presence of potassium hydroxide pellets (Staudinger, Anthes, and Pfenninger, Ber., 
1916, 49, 1932). The basic products of the reaction between diphenyldiazomethane (2 g.) so 
prepared and fluorenyldimethylamine (1 g.) were fractionally crystallised from methanol, giving 
9-dimethylamino-9 : 9’-difluorenyl, identified by mixed m. p. of base and of picrate. On one 
occasion a small quantity of material was isolated, as needles (from methanol), m. p. 135—136 
(Found: C, 89-5; H, 6-7. C,,H,,N requires C, 89-6; H, 6-7%). In attempts to prepare 
9-fluorenyldiphenylmethyldimethylamine, (C,H,),CH*CPh,*NMe,, for comparison, 9-diphenyl- 
methvlenefluorene (Kaufmann, Ber., 1896, 29, 73) was heated with dimethylamine at 120° for 
3 hours and kept at room temperature for 3 days, but was recovered unchanged. 

Experiments with 9-Bromo-2-nitrofluorene.—This compound (Anantakrishnan and Hughes, 
J., 1935, 1607), heated with (diphenylmethyl)dimethylamine (2 mols.) at 80° alone or in benzene, 
or kept for several weeks in cold nitromethane, gave only dinitrodifluorenylidene, red needles, 
m. p. >360° (Found: N, 7-1. Calc. for C,,H,,O,N,: N, 6-7%). Bromonitrofluorene (1 g.) 
was refluxed for 48 hours with fluorenyldimethylamine (1-45 g.) in benzene, and the basic 
products were crystallised from methanol. The least soluble fraction, crystallised from 
benzene-ligroin, formed pale-yellow prisms, m. p. 224° (decomp.), regarded as 9-dimethylamino-9- 
fluorenyl-2-nitrofluorene (Found: C, 80-3; H, 5-5; N, 6-7. C,,H,.O,N, requires C, 80-3; H, 
5-3; N, 6-7%). The picrate, prepared in alcohol, melted at 204—206° (decomp.). Bromo- 
nitrofluorene (1 g.) and benzyldimethylamine (0-95 g.) were kept at room temperature for 2 
weeks. The basic material, extracted by hot hydrochloric acid and liberated by ammonia, 
crystallised from cyclohexane in yellow prisms, m. p. 174°, probably 9-benzyl-9-dimethylamino-2- 
nitrofluorene (Found : C, 76-7; H, 5-9; N, 8-3. C..H,O,N, requires C, 76-7; H, 5-8; N, 8-1%). 
The picrate, from alcohol-acetone, had m. p. 235—-238° (decomp.). 

Phenyldiazomethane and Fluorenyldimethylamine.—Benzaldehyde hydrazone (Curtius and 
Franzen, Ber., 1902, 35, 3236), b. p. 150°/15 mm., afforded the diazo-compound by Staudinger 
and Gaule’s method (Ber., 1916, 49, 1897) ; this was also prepared from benzylurethane (Baster- 
field, Woods, and Wright, J. Amer. Chem. Soc., 1926, 48, 2372) via the nitroso-compound 
(Hantzsch and Lehmann, Ber., 1902, 35, 903). The basic products of the reaction between 
phenyldiazomethane (3 g.) and fluorenyldimethylamine (1-5 g.) were crystallised from methanol 
and from benzene-ligroin, giving 9-a-dimethylaminobenzylfluorene (40%), m. p. 164° (Found : 
C, 88-0; H, 7:3; N, 4-7. C,,.H,,N requires C, 88-2; H, 7-1; N, 4:7%). The picrate formed 
prisms (from alcohol), m. p. 188—189° (Found: N, 10-3. C,,.H,,N,C,H,O,N, requires N, 
10-6%). The same base (mixed m. p.) was synthesised by heating 9-benzylidenefluorene 
(Thiele and Henle, Annalen, 1906, 347, 290) with excess of dimethylamine at 110° for 3 hours; 
the product was extracted by dilute hydrochloric acid and liberated by ammonia. 

Diazoacetophenone and Benzyldimethylamine.—The diazo-compound (Bradley and Robinson, 
J., 1928, 1316) (0-7 g.) and base (2 g.) gave, after steam-distillation of unchanged benzyldimethyl- 
amine, a small quantity of w-benzyl-w-dimethylaminoacetophenone, prisms (from methanol), 
identified with an authentic specimen by mixed m. p.s of the base and of the picrate. 

Benzoylphenyldiazomethane (Nenitzescu and Solomonica, Joc. cit.) reacted vigorously with 
benzyldimethylamine, giving mainly diphenylketen. 

Ethyl Diazoacetate and Fluorenyldimethylamine.—The ester (4 g.) and amine (2 g.) yielded a 
deep brown, uncrystallisable mixture of bases, after removal of fluorenyldimethylamine by 
steam-distillation. This mixture was refluxed for 2 hours with 20% potassium hydroxide 
solution, and then yielded on neutralisation only a small quantity of pale brown, sparingly 
soluble, microcrystalline, amphoteric material, m. p. 205--210° (decomp.). A similar experi- 
ment with diethyl diazomalonate [prepared from diethyl aminomalonate (Cerchez, Bull. Soc. 
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chim., 1930, 47, 1279, 1282) by the method of Womack and Nelson (Org. Synth., 1944, 24, 56)] 
gave only a trace of basic materia] other than the original amine. 

Diphenyldiazomethane and Benzyl Methyl Sulphide.—After interaction of the diazo-compound 
(8 g.) and the sulphide (4 c.c.; Thomson and Stevens, J., 1932, 71) the mixture was distilled, 
giving successively unchanged sulphide, a series of deep blue fractions, and tetraphenylethylene. 
These intermediate fractions lost their colour (possibly that of thiobenzophenone) on storage, 
and more quickly when dissolved in alcohol or ligroin. Analysis suggested that a fraction, b. p. 
130—135°/1—1-5 mm., was a mixture (Found: C, 80-6; H, 6-9; S, 6-3%). This material was 
instantly decolorised when warmed on the water-bath with 100% hydrogen peroxide in acetic 
acid; after 3 hours the solution was poured into water and the product crystallised from aqueous 
methanol: long prisms, m. p. 130—132° (Found: C, 68-1; H, 5-6; S, 10-99%; M, 302. 
C,,H,,0,S requires C, 68-0; H, 5-4; S, 10-7%; M, 300). Sulphuric acid also was produced. 
The product was insoluble in water, acid, and alkali. 

Diphenyldiazomethane and Benzyl Methyl Ether.—The product from the reaction of the diazo- 
compound (6 g.) and benzyl methyl ether (6 c.c.) was treated with ether, and a mixture of tetra- 
phenylethylene and benzophenone azine was filtered off. The filtrate deposited more solid on 
concentration, and was then distilled, giving (1) benzyl methyl ether, (2) a fraction, b. p. up to 
140°/0-5 mm., and (3) a fraction, b. p. 140—165°/0-5mm. _ Fraction (2) gave colourless, nitrogen- 
free prisms, m. p. 140°, from ethyl alcohol [Found: C, 79-6; H, 7-4; OMe, 23-89%; M, 230. 
Calc. for C,,H,,(OMe),: C, 79-3; H, 7-5; OMe, 25-6%; M, 242]. Hydrobenzoin dimethyl] ether 
melts at 140—142° (Irvine and Weir, J., 1907, 91, 1390). Recrystallisation of fraction (3) from 
alcohol gave tetraphenylethane, m. p. and mixed m. p. 210° (Found: C, 93-2; H, 6-5. Calc. 
for Cy,H,,: C, 93-4; H, 6-6%). 
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912. The Direct Conversion of Thionaphthen into Derivatives 
of 9-Thiafluorene. 


By W. Davies, N. W. GAMBLE, and W. E. SAVIGE. 


9-Thia-3 : 4-benzofluorene (V) has been isolated by distillation of the 
crude product obtained from thionaphthen by hydrogen peroxide. The 
thionaphthen 1: 1-dioxide (II) made essentially according to Bordwell, 
Lampert, and McKellin (J. Amer. Chem. Soc., 1949, 71, 1702) contained 
about 2% of the dioxide (III) of (_V). The regulated action of heat on (II) 
gave 10: 11-dihydro-9-thia-3 : 4-benzofluorene 9: 9-dioxide (IV) and an 
isomeric substance. The structure of these compounds, except of the last, 
has been proved. 


IN one experiment (Savige, Thesis, Melbourne, 1951), distillation of the reaction product 
from thionaphthen (I) and hydrogen peroxide gave much unchanged (I) and >10% of a 
thiahydrocarbon C,,H,)5, m. p. 103-5°. The constitution, 9-thia-3 : 4-benzofluorene (V) 
tentatively given to this compound (loc. cit.) has now been verified. Repetition of the 
experiment gave no or very small yields of this material, a difficulty characteristic of 
oxidations involving free radicals, but the compound was obtained by pyrolysis of thio- 
naphthen 1 : 1-dioxide at 195—200°. 

The preparation of thionaphthen dioxide (II) has been described several times, most 
recently by Bordwell, Lampert, and McKellin (J. Amer. Chem. Soc., 1949, 71, 1702). We 
find that under their conditions sulphuric acid is also produced, together with about 2% of 
3 : 4-benzo-9-thiafluorene 1 : 1-dioxide (III), the sulphone from (V). Formation of (III) 
is not a typical pyrolytic process, as the temperature during the oxidation does not exceed 
110°. An isomer, m. p. 197°, of (III) has also been obtained in very small yield by heating 
(Il) at 195°. However, apart from sulphur dioxide, the main pyrolysis product of (II), 
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readily obtained in 88% yield in tetralin at 180—182°, is 10: 11-dihydro-9-thia-3 : 4- 
benzofluorene 9 : 9-dioxide (IV), which has recently been prepared similarly by Bordwell, 
McKellin, and Babcock (ibid., 1951, 73, 5566). This paper arrived in Melbourne after the 
present work was complete (Gamble, Thesis, Melbourne, 1952). 

The only tetracyclic compound to be directly synthesised from the thionaphthen 
nucleus by the American workers was (IV), which they converted by bromine into (III), 
whence they obtained (V) by lithium aluminium hydride. It is evident from the present 
work, however, that a number of tetracycles derived from two thionaphthen nuclei are 
obtained during the preparation and/or pyrolysis of (II). Interaction of thiophen with 
hydrogen peroxide is similarly complex (Davies, Gamble, James, and Savige, Chem. and 
Ind., 1952, 804), and one of the products, CgH,O,S,, is readily transformed by heat 
into (II). 

9-Thia-3 : 4-benzofluorene (V), m. p. 103-5°, was synthesised by hydrolytic decarboxyl- 
ation of the aromatised adduct (VII) (Szmuskovicz and Modest, ]. Amer. Chem. Soc., 1950, 
72, 574) of maleic anhydride and 3-cyclohex-1’-enylthionaphthen (X)._ The m. p. 173-7— 
175-2° ascribed to an impure compound thought to be (V) by Neumoyer and Amstutz 
(ibid., 1944, 66, 1680) is erroneous. 

The structure of (IV) follows by its dehydrogenation to (III), which is obtained from (V) by 
hydrogen peroxide. This proof is supported by degradation of (IV) to 1-phenylnaphthalene 
in 79% yield by fission in concentrated alkali. 1-Phenylnaphthalene is also formed by 
similar treatment of 1-o-sulphinophenylnaphthalene (VI) which is obtained from (IV) by 
dilute alkali. Bordwell, McKellin, and Babcock (loc. cit.) effected the same degradation, 
but doubted the evidence thus afforded of the fine structure of (IV). We do not subscribe 
to their statement ‘‘ The position of the double bond in (IV) has not as yet been established,’’ 


since the formation of a sulphinic acid proves that (IV) has the ~SO,CH-CH: group. Thus, 
the alkaline cleavage of some dialkyl sulphones yields an olefin and an alkanesulphinate, 
and phenyl 2-phenylethyl sulphone gives styrene almost quantitatively together with 


From crude (II) 
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benzenesulphinic acid or its decomposition products (Fenton and Ingold, J., 1929, 2338; 
1930, 706). 


It is pertinent that the sulphinic acid (VI) obtained by Bordwell, McKellin, and Babcock 
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(loc. cit.) may be impure, as it has m. p. 116—118° instead of 129°: and the hydrogen 
content found for their dihydro-derivative, m. p. 121—122°, from (VI) is, within 
experimental error, that required for (VI) itself (Found: H, 48. Calc. for C,,H,,0,S: 
H, 5-2. Cale. for CygH 0.5: 45%). In any event, our proof that the hydrolysis of 
(IV) by mild alkali gives a sulphinic acid is doubly important, as it shows that the 
SO,H group (and the SO,H group formed from it by oxidation) are in the 2-position of the 
phenyl group and not in the naphthyl group. Moreover, fission of (II1) with alkali gives a 
sulphonic acid identical with that obtained by oxidation of the sulphinic acid (VI): this 
fission to a sulphonic acid is, when it can be effected, characteristic of completely aromatic 
sulphones, e.g., diphenyl sulphone forms benzenesulphonic acid and benzene (Ingold and 
Jessop, J., 1930, 707). 

From this evidence of the position of the 10 : 11-hydrogen atoms in (IV) it follows that 
the double bond is in the 1 : 2-position, which is confirmed by oxidation of (IV) to an 
o-quinone (IX). Moreover, (IV) and hydrogen peroxide give a compound regarded as 
(VIII), which is also oxidised by chromic acid to (IX). The azine from the o-quinone 
(IX) and o-phenylenediamine is, curiously, less coloured and more soluble in glacial acetic 
acid than is its precursor (IX). 

As Bordwell, McKellin, and Babcock point out (loc. cit.), the Diels-Alder adduct in 
the transformation of (II) into (LV) by heat is probably (XI). In hydrogen peroxide, 
however, there are other possibilities, for example, self-condensation of two thionaphthen 
nuclei may entail preliminary adducts of type (XI) but with a S or perhaps a SO bridge 
instead of SO,. Such bridges could doubtless be readily lost in the oxidising environment, 
as sulphuric acid is the usual concomitant of the dimerised compound obtained by the 
hydrogen peroxide oxidation of thiophen or thionaphthen. It is unfortunate that attempts 
to prepare thionaphthen 1-oxide failed. 


EXPERIMENTAL 


Thionaphthen, from L. Light & Co. Ltd., Bucks., had m. p. 31-2—31-4°, b 221 
mm. (Found: 5S, 23-9, 23-9 Calc. for Cre S, 23-9%) 
Preparation of 9-Thia-3: 4-benzofluorene (V) i) Oxtdation of thionaphthen To thio- 
naphthen (5 g.) in acetic acid (10 ml.) and acetic anhydride (1 ml.), warmed on the water-bath, 
hydrogen peroxide (10 ml.) was added at such a rate that the mixture remained 
homogeneous After 4 hours, the odour of thionaphthen was still apparent, and addition of 
water gave a dark oil Extraction with chloroform, drying (CaCl,), and distillation at reduced 
pressure (contrary to Lanfry, Compt. rend., 1912, 154, 519, thionaphthen dioxide does not 
iblime readily at 1 atm.) gave unchanged thionaphthen (ca. 3 g.), b. p. 112°/15 mm., and 
9-thia-3 : 4-benzofluorene (V) (ca. 1 g.), b. p. 280°/15 mm., pale yellow needles, m. p. 103 
from light petroleum containing a few drops of benzene) (Found: C, 81-85, 82-8; H, 3 
4-25; S, 14°] Calc. for C,,H,,.S: C, 82°05; H, 4:25; S, 13-7%) 
Most subsequent experiments gave little or no yield or a very low one of (V) However, 
a much smaller yield of (V) was obtained as follows. To thionaphthen (5 g.), acetic acid (20 ml.), 
and acetic anhydride (1 ml.), at ca. 97° (water-bath), hydrogen peroxide (30% ; 1 ml.) was added. 


5 
o 
/, 


After 5 minutes the solution became pink, and in 15 minutes deep brown-red. A further 
2} ml. of peroxide were added in }-ml. portions at 15 minute intervals and heating was 
discontinued after a total of 44 hours; the solution was chocolate-brown and a small amount of 
heavy black oil had separated. After 12 hours the product was poured into water (300 ml.) 
and extracted with chloroform (3 x 50 ml.) Drying (MgSO,) and distillation gave thio- 
naphthen (ca. 2 g.), b. p. 1O8—112°/25 mm., m. p. and mixed m. p. 32°, then 9-thia-3 : 4-benzo 
fluorene (0-5 g.), b. p. ca. 220/0-2 mm., which when recrystallised from aqueous alcohol or 
light petroleum (b. p. 70—95°) was identical (mixed m. p.) with the above specimen 
(ii) By the action of heat on thionaphthen dioxide (11). The dioxide (2 g.) was heated at 195 

200° for 1 hour, the black glass-like solid which formed on cooling was powdered and extracted 
with boiling benzene (100 ml.), and to the hot filtered solution absolute alcohol (100 c.c.) was 
added. The filtrate from the dark green solid which separated on cooling was allowed to 
evaporate at room temperatures, leaving pale brown needles (ca. 0-1 g.) which recrystallised in 
needles (m. p. 103-5°) identical (mixed m. p.) with the original specimen of (V) (Found: C, 
81-85; H, 4:4; S, 13:5%). 
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(iii) Rational synthesis. 3-Bromothionaphthen (21 g.; made according to Crook and Davies, 
]., 1937, 1698) and a few drops of methyl iodide on this occasion reacted vigorously in ether 
with magnesium (2-5 g.; contrast Crook and Davies, and Szmuzkovicz and Modest, locc. cit.), 
and the reagent formed in 3 hours condensed sufficiently with cyclohexanone (10-6 g.) in 8 hours 
to give a 66% yield of 3-cyclohex-1l’-enylthionaphthen (X). The adduct with maleic anhydride 
required heating with sulphur at 260° for 1-25 hours (contrast Szmuszkovicz and Modest, 
loc. cit.) before evolution of hydrogen sulphide ceased. The sublimed product (0-5 g.; orange 
needles) was thoroughly ground with crystalline barium hydroxide (2 g.) and copper bronze 
(0-7 g.) and heated at 200° in a horizontal Pyrex tube until all water of crystallisation had been 
expelled. A capillary tube was then attached to the Pyrex tube which was heated at ca. 350 
and gentle suction applied until no more yellow oil distilled away from the hot part of the tube. 
The oil solidified to long yellow needles, m. p. 99—101° (0-37 g.), and when crystallised from 
ethanol had m. p. 102—103°, alone or mixed with (V). 

Other Attempted Syntheses of 9-Thia-3 : 4-benzofluorene.—(i) From 1-phenylnaphthalene. Two 
compounds with approximately the desired m. p. were obtained by the interaction of 1-phenyl- 
naphthalene (2 g.) and sulphur (0-6 g.)._ To this mixture at 120° powdered anhydrous aluminium 
chloride (0-08 g.) was added during 1 hour, and the temperature raised to 140° during 3} hours 
Though evolution of hydrogen sulphide had not ceased, the mixture was cooled, and extracted 
with boiling water (2 x 5 ml.), and then ethanol (8 x 5 ml.). The alcoholic extract vielded a 
brown residue (0-7 g.), which after five recrystallisations from light petroleum (b. p. 30—90°), 
in which it is easily soluble, gave di-1-phenylnaphth-x-yl sulphide as colourless plates with 
constant m. p. 99—100° (Found: C, 87-7; H, 5-4; S, 7-5. C,,H..S requires C, 87-7; H, 5-0; 
S, 7-°3%). When the temperature was raised to 260° during 8 hours (no more hydrogen sulphide 
evolved), the alcoholic extract gave yellow needles (m. p. 103—-105°), mixed m. p. with (V) 70 
80°, in insufficient amount to admit of complete purification (Found: C, 90-8; H, 5°8%). 

(ii) From diazotised 2-aminophenyl 8-naphthyl sulphide. (3-Naphthyl o-nitrophenyl sulphide 
vellow needles (from alcohol), m. p. 92—93°, separated (3-7 g.; 90°, yield) in 12 hours at room 
temperature after 4 hours’ refluxing of o-chloronitrobenzene (2-25 g.) and naphthalene-2-thiol 
(2-25 g.) in 30% aqueous sodium hydroxide solution (7 ml.) and ethanol (5 ml.) (Found: C 
68-45; H, 3-9; S, 11-6. C,,H,,O,NS requires C, 68-3; H, 3-9; S, 114%). Attempted 
reduction with aqueous-alcoholic sodium hydrosulphite (dithionite) gave much unchanged 
material, tin and hydrochloric acid gave naphthalene-2-thiol, and hot ammoniacal aqueous 
alcoholic ferrous sulphate produced a yellow solid, m. p. 144—146°; no primary aromatic amin 
was isolated. 

8-Naphthyl o-nitrophenyl sulphide (3 g.) was reduced when added slowly to acetic acid 
(95°4, 10 ml.) and iron filings (7 g.) on the water-bath, and heating continued for an hour whilst 
the volume was kept constant by addition of water (10 ml.). A further 20 ml. of water was 
finally added, the solution neutralised (Na,CO,), and the precipitate washed with boiling 
alcohol (3 x 50 ml.), yielding 0-aminophenyl 8-naphthyl sulphide (93°), orange-yellow needles 
m. p. 74—75° (from aqueous alcohol) (Found: C, 76-7; H, 5-2; N, 5-4. C,,H,,NS requires 
C, 76-5; H, 5-2; N, 5-6%). This base in dilute sulphuric acid readily gave a diazo-solution 
which yielded only tars on addition of copper powder or when it was added to boiling 50°, 
sulphuric acid or to sodium naphthalene-l-sulphonate (cf. Hodgson and Marsden, /., 1940 
209). 

Attempted Preparation of Thionaphthen 1-Oxide.—Thionaphthen and fuming nitric acid 
in acetic acid at <40° gave only the steam-volatile 3-nitrothionaphthen, m. p. 79° (55% 
(Found : C, 53-9; H, 2-7; S, 18-0. Calc. forC,H,O,NS: C, 53-6; H, 2-8; S, 17-9%) Use of 
concentrated nitric and sulphuric acids at <40° gave a tar. Chlorine in carbon tetrachloride 
at 0° attacked the nucleus and not the sulphur atom, giving 3 : 5-dichlorothionaphthen (66%) 
m. p. 55-5° (Schlesinger and Mowry, J. Amer. Chem. Soc., 1951, 78, 2614, give m. p. 55-5 
56-5°) (Found : C, 47-5; H, 2:2; S, 16-1. Calc. for C,H,O,SCl, : C, 47-5; H, 2-0; S, 15-8% 

Oxidation of Thionaphthen with Hydrogen Peroxide To (1) (50 g.) in acetic acid (300 ml 
30% hydrogen peroxide (225 ml.) was added, and the solution was refluxed for 15 minutes 
(care). The temperature throughout was between 106° and 110°. Pouring the cooled solution 
into cold water (1 1.) gave a pale yellow precipitate which was collected after 12 hours, washed 
with water, extracted with boiling water (3 x 1 1.), and filtered at the b. p. The filtrates on 
cooling gave almost white needles of the sulphone, m. p. 140—141° (46-4 g.), and concentratio 
of the mother-liquors to 400 ml. gave a further 4-6 g. The water-insoluble yellow residue wa 
dissolved in boiling absolute alcohol (200 ml.), which was filtered hot and on cooling gave yellow 
needles, m. p. 232—233° (0-65 g.) and on evaporation a further 0-35 g. Recrystallisation from 
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absolute alcohol gave 9-thia-3 : 4-benzofluorene 9 : 9-dioxide, pale yellow needles, m. p. 233-5 
234° (Bordwell, McKellin, and Babcock, Joc. cit., 1951, record m. p. 228—229°) (Found: C, 72-0; 
H, 38; S, 12-2. Calc. for C,,H,,0,S: C, 72:2; H, 3-75; S, 120%). The m. p. was 
undepressed on admixture with the sulphone (m. p. 234°) obtained by heating synthetic (V) for 
15 minutes with hydrogen peroxide in acetic acid. 

10 : 11-Dihydro-9-thia-3 : 4-benzofluorene 1: 1-Dioxide (1V).—Sulphur dioxide was formed 
when approx. equimolar quantities of thionaphthen (I) and its dioxide (II) were heated at 185— 
190°. After 15 minutes the product was distilled, and (I) was removed (b. p. 60—70°/0-2 mm.) ; 
the fraction, b. p. 240°/0-2 mm., solidified and after being washed with hot light petroleum had 
m. p. 176—179°. ecrystallisation (from alcohol) gave colourless needles, m. p. 182°, readily 
soluble in acetone and alcohol, very sparingly soluble in light petroleum (b. p. 70—95°); the 
crystals had a pale blue fluorescence and the solutions a strong purple fluorescence in ultra- 
violet light (Found: C, 71-6; H, 4:5; S, 11-6. Calc. for C,,H,,0O,S: C, 71:65; H, 4:5; S, 
11-9%) (Bordwell, McKellin, and Babcock, locc. cit., record m. p. 181—182° and 183—184°) 

The process is a preparative one when 12 g. each of (I) and of (II) are heated together at 
180—190° for an hour until the evolution of gas has almost ceased; (I) (10-9 g.) is distilled off in 
steam, and the residue filtered hot. The filtrate on cooling gives pale pink needles of essentially 
pure (II) (m. p. 138—139°; 2-8 g.) and the precipitate (m. p. 175—179°; 7-0 g.) gives pure (IV) 
(from ethanol). The best yield (8-2 g.) is obtained when (II) (11-5 g.) is heated with tetralin 
(6 ml.) for 90 minutes in a bath of boiling aniline and the crystals collected on cooling. The 
dihydro-compound (IV) was not easily dehydrogenated, as it was recovered unchanged from 
refluxing xylene containing chloranil (6 hours), aqueous ethanol containing potassium acetate 
and iodine (5 hours), and p-cymene containing 5% palladium-—charcoal (6 hours). 20% 
Palladium-—charcoal in boiling cymene gave, after filtration hot, a mixture of yellow crystals 
which, when recrystallised very slowly from ethanol, were seen to consist of colourless cubes and 
yellow needles. The cubes which were removed by hand were unchanged (IV) (m. p. and mixed 
m. p. 181—182°) and the needles on recrystallisation from ethanol had m. p. 234° alone and 
when mixed with 9-thia-3 : 4-benzofluorene 1: l-dioxide (III) (Found: C, 72-2; H, 3-95. 
Calc. for C,,H,,0,S: C, 72-2; H, 3°75%). 

Oxidation of 10: 11-Dihydro-9-thia-3 : 4-benzofluorene 1: 1-Dioxide (1V).—The oxide is 
stable to boiling aqueous neutral potassium permanganate, but is attacked by permanganate 
containing sodium carbonate, and by permanganate in dry acetone. Apart from unchanged 
(IV), no organic compound was isolated. However, 1 : 2-dihydyvo-1 : 2-diketo-9-thia-3 : 4- 
benzofluorene 1: 1-dioxide (IX), orange crystals (0-3 g.), m. p. 329—330° (from 2-methoxy- 
ethanol), was formed exothermally when (IV) (1-0 g.) was heated with chromic acid (1-5 g.) in 
acetic acid (9-5 ml.) and water (0-5 ml.) (Found: C, 65-3; H, 2-9; S, 10-9. C,,H,O,S requires 
C, 64-9; H, 2-7; S, 108%). A suspension of this in hot glacial acetic acid reacted immediately 
with o-phenylenediamine, giving the guinoxaline, m. p. 296° (from alcohol) (Found: C, 71-8; 
H, 3-3. C,,H,,0,N,5, requires C, 71-7; H, 3-3%). Reductive acetylation (acetic anhydride, 5 ml. ; 
anhydrous sodium acetate, 0-1 g.; zinc dust, 0-2 g.; 4 hours) yielded 1 : 2-diacetoxy-9-thia-3 : 4- 
benzofluorene 1 : 1-dioxide which crystallised from ethanol in colourless needles, m. p. 280—281 
(Found: C, 62-6; H, 4-2. C,.,H,,0,S requires C, 62-5; H, 4:2%), very soluble in anisole or 
benzene, less so in ethanol, and still less in light petroleum (b. p. 100—120°). These solutions 
in ultra-violet light give a fluorescence which in ethanol or light petroleum is pale blue, but in 
benzene is true blue and so intense that it is visible in diffused daylight. 

Interaction of (1V) with Hydrogen Peroxide.—Hydrogen peroxide (4:5 ml. of 30%) in acetic 
acid (6 ml.) containing (IV) (1-0 g.) was heated under reflux. After an hour the solution was 
cooled and deposited white flakes (0-85 g.), m. p. 197—199°, of 10: 11-dihydro-1 : 2-dihydroxy-9- 
thia-3 : 4-benzofluorene 1 : 1-dioxide (VIII), m. p. 201° [from light petroleum (b. p. 100—150°)] 
(Found: C, 63-2; H, 4:65. C,,H,,0,S requires C, 63-6; H, 46%). Equal weights of this 
and chromic acid in hot acetic acid immediately gave orange crystals, m. p. 327—-329° [328— 
330° when mixed with (IX)]. 

Degradation of (1V).—The dioxide (IV) (1 g.) gradually dissolved in boiling aqueous sodium 
hydroxide (5% ; 30 ml.) and, after 1 hour, was concentrated to about 15 ml., cooled, and acidified 
with concentrated hydrochloric acid as soon as crystallisation of the colourless sodium sulphinate 
began. The precipitated brown viscous oil solidified at 0° and after being washed had m. p. 
126—128° (0-75 g.). After recrystallisation from acetone and then acetone-light petroleum 1-o- 
sulphinophenylnaphthalene, m. p. 129°, separated in colourless needles which in several days 
become superficially brown (Found: C, 71-3; H, 4:5; S, 11-8. Cale. for C,gH,,0,5: C, 71-65; 
H, 4:45; S, 11-99%). It dissolved in saturated sodium hydrogen carbonate solution, and was 
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characterised as a sulphinic acid by formation of a red-brown precipitate with neutral aqueous- 
alcoholic ferric chloride, production of a violet colour with anisole in cold concentrated sulphuric 
acid, and extensive precipitation, by a moderate excess of sodium hydroxide, of the sodium salt 
from its solution in cold water. 

1-Phenylnaphthalene.—When equal weights of (IV) and powdered potassium hydroxide were 
very carefully heated until fusion just occurred, the yield of (VII) was 92%, and no sulphur 
dioxide was observed on acidification of the aqueous solution of the fusion mixture, and no 
1-phenylnaphthalene was formed. This, however, was the main product, b. p. 185°/25 mm., 
ni®® 1-6678 (1-2 g.), when (IV) (2 g.) and powdered potassium hydroxide (2 g.) were fused in a 
small distilling flask and heated until no more liquid distilled. The phenylnaphthalene was 
further purified by separating it (by centrifuge) in crystalline form from the solution in absolute 
alcohol cooled in carbon dioxide—acetone and then had b. p. 182°/15 mm., m}$ 1-6692. With 
fuming nitric acid in acetic acid at room temperature it gave 4-nitro-1-phenylnaphthalene, of 
which the m. p. (126—127°) could not be improved, although the m. p. 132° is recorded, probably 
of a purer specimen (Beilstein, 2nd Suppl., Vol. V, p. 603) (Found: C, 77-1; H, 4:35; N, 5-8. 
Cale. for C,,H,,O,N: C, 77-1; H, 4-4; N, 56%). Authentic 1-phenylnaphthalene (Weiss, 
Org. Synth., 24, 84) (from «-tetralone) had nf 1-6682, and both specimens gave a mononitro- 
derivative, m. p. and mixed m. p. 126—127°. With bromine (5 drops) in carbon disulphide 
(5 ml.) the hydrocarbon gave 1-p-bromophenylnaphthalene, plates (from ethanol), m. p. 75— 
76° (cf. Beilstein, loc. cit.) (Found: C, 67-6; H, 3-95; Br, 29-0. Calc. for C,,H,,Br: C, 67-8; 
H, 3-9; Br, 28-3%). 

1-o-Sulphophenylnaphthalene.—A suspension of (IV) (1-6 g.) in 5% sodium hydroxide 
solution (15 ml.) became clear when refluxed for 15 minutes, and then a hot concentrated 
solution of potassium permanganate was added until the colour became permanent. The 
colour was discharged with sulphur dioxide and the filtered solution acidified with concentrated 
hydrochloric acid. On cooling, the solution deposited 1-0-sulphophenylnaphthalene, plates 
(1-7 g.), m. p. 146—147° (from benzene) (Found: C, 60-2; H, 4-9; S, 98. C,,H,,0,S,2H,O 
requires C, 60-0; H, 5-0; S, 10-0%), very soluble in hot and moderately soluble in cold water, 
and slightly soluble in chloroform. The m. p. of the hydrated acid when kept for 8 months 
was 131—136°. 

This acid, whose potassium salt is sparingly soluble in cold water, displaced carbon dioxide 
from carbonates, and tests for a sulphinic acid were negative. It was obtained and identified 
by mixed m. p. when (III) (0-2 g.) was gently heated with potassium hydroxide (0-6 g.) and the 
mixture cooled as soon as a reaction was apparent. Fusion with potassium hydroxide at 
higher temperature for 15 minutes gave an impure phenol. 

Action of Heat on Thionaphthen 1 : 1-Dioxide in the Absence of Solvent.—The sulphone (2 g.) 
was heated to 195°, the evolution of sulphur dioxide ceasing in 10 minutes, and after a further 
10 minutes the product was cooled, dissolved in chloroform, and boiled with charcoal. The 
filtrate yielded a residue of which the benzene-insoluble portion crystallised from methy] alcohol 
in pale brown needles, m. p. 197° (Found: C, 71-6; H, 3-9; S, 12:1. C,sH,,O,S requires C, 
72-2; H, 3-8; S, 12-0%). Both the solid substance and the solution fluoresced yellow in ultra- 
violet light. 


The authors are indebted to Dr. Emily F. M. Stephenson for helpful discussions, and to the 
Dunlop Rubber Company of Australia for a research scholarship (to N. W. G.). Most of the 
microanalyses were made in the Organic Micro Analytical Laboratory of the Division of 
Industrial Chemistry (C.S.I.R.O.) by Dr. W. Zimmermann and his staff. 
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913. The Seed Fat of Myrrhis odorata. Contributions to the 
Chemistry of Petroselinic Acid. 


3y G. R. Clemo and R. STEVENS. 


The seeds of Myrrhis odorata yield the glyceride of petroselinic acid, 
an extension of whose chemistry is described. 


PETROSELINIC ACID (cis-octadec-6-enoic acid) * (I; R =H) was first isolated from 
parsley seed oil (Vongerichten and Kohler, Ber., 1909, 42, 1638; cf. Hilditch, ‘‘ The 
Constitution of the Natural Fats,’’ 2nd. Edn., Chapman and Hall Ltd., London, 1949, p. 179). 

We have now characterised this acid in the seed fat of Myrrhis odorata (Sweet Cicely), 
the air-dried seeds of which contain 13—17°% of oil which after molecular distillation 
consists almost entirely of glycerol tripetroselinate whose properties agree with those 
recorded by Vongerichten and Kohler (loc. cit.). Hydrolysis of the glyceride gave 
petroselinic acid (I; R H), characterised by reduction to stearic acid, ozonolysis to 
lauric and adipic acid, and by the preparation of several derivatives. The methyl ester 
and amide were reduced with lithium aluminium hydride to octadec-6-enyl alcohol 
ie: OH) and the amine (II; R NH,). respectively. 

CH,*(CH,) ,p°CH!CH+[CH,),-CO,R CH,*(CH,] ,)°CH:CH-(CH,),"R 
(I) (II) 
CH,-(CH,),*CH{CH(CO,Et),}*CH!CH(CH,),-CO,R 
(IIT) 

Experiments to demonstrate the geometrical configuration of the acid (assumed to be 
cis by analogy with oleic acid), by the semihydrogenation of tariric acid (octadec-6-ynoic 
acid) were in progress when Lumb and J. C. Smith (Chem. and Ind., 1952, 358) announced 
the synthesis of tariric and petroselinic acid. 

With methyl petroselinate and N-bromosuccinimide an oily monobromo-compound 
was obtained which decomposed on attempted distillation. Dehydrobromination by 
collidine gave a product shown by ozonolysis and unsaturation to be octadeca-6 : 8-dienoic 
acid. This showed an absorption maximum in the ultra-violet at 232 my (log « = 4-27) 
in agreement with the absorption of the isomeric 9: 11]-dienoic acid, recorded by Hulst 
(Rec. Trav. chim., 1935, 54, 639, 644). 

The bromo-compound was therefore chiefly methyl 8-bromopetroselinate. The 
bromine atom was replaced by hydroxyl but attempts to replace it by the cyano- 
group failed. With sodiomalonic ester the bromo-ester gave (II]1; R = Me), which 
was hydrolysed and decarboxylated to the corresponding dibasic acid; no success has 
been achieved in Dieckmann cyclisations of its methyl ester. 


EXPERIMENTAL 

Microhydrogenations were performed in ethanol, Adams’s platinum catalyst being used. 

Isolation of Glyceride and Acid.—The air-dried seeds (25 g.) were extracted overnight with 
ether in a Soxhlet apparatus, and the extract distilled from a bath at 150—160°/4 x 10 mm., 
giving an oil (3-0 g.) which solidified on cooling; m. p. 29—30° (Vongerichten and Kohler, 
loc. cit., give p. 32°} (Found: C, 77-0; H, 12-4. Calc. for C;,H,),0,: C, 77-4; H, 11-8%) 
Catalytic hydrogenation gave tristearin, m. p. 68—70° (lit. 71°). 

The crude undistilled glyceride on saponification for 3 hours with boiling 2N-methanoli 
potassium hydroxide gave the acid, b. p. 148—152°/0-15 mm., ®> 1-4565, m. p. 29—30° (Found : 
C, 76-4; H,12-2. Calc. for C,,H;,,0,: C, 76-6; H, 12-0%); p-bromophenacyl derivative, plates 
(from ethanol), m. p. 44—45° (Found: C, 65-6; H, 8-6. C,,H,,0,Br requires C, 65-2; H, 
8-15%). Catalytic hydrogenation gave stearic acid, m. p. 70—71°. 6: 7-Dihydroxystearic 
acid, prepared by the oxidation of the acid with peracetic acid, had m. p. 114—115° (Hilditch 
and Jones, /. Soc. Chem. Ind., 1927, 46, 12617, record m. p. 114—115°) (Found: C, 68-7; H, 
11-6. Calc. for C,,H,,0,: C, 68-4; H, 11-4%). 

Ozonolysis of the Acid rhe acid (1-5 g.) in light petroleum was ozonised at 0° and the 
ozonide decomposed by refluxing for 6 hr. with sodium hydrogen sulphite solution saturated 


* Geneva nomenclature, CO,H 1, is used throughout. 
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with sulphur dioxide. An ethereal extract of the resulting solution gave a white solid, which 
after being washed with ether had m. p. 147—148°, alone or admixed with adipic acid. The 
ether washings gave lauric acid, m. p. 44° (lit. 44°). 

Reduction of Methyl Petroselinate.—The ester (2-3 g.) in dry ether (30 ml.) was added drop- 
wise to excess of lithium aluminium hydride in ether (20 ml.). After 30 minutes the 
excess of reagent was decomposed with acetone, and the solution made alkaline (2N-sodium 
hvdroxide) and extracted with ether, from which extract there was obtained octadec-6-en-1-ol 
(1-4 g.), b. p. 142—143°/0-5 mm., m'® 1-4642 (Found: C, 80-7; H, 13-4. C,,H,,0 requires 
C, 80-6; H, 13-7%). Microhydrogenation showed 1-0~ and gave a product, m. p. 55—56 
(Meyer and Reid, J. Amer. Chem. Soc., 1933, 55, 1374, record m. p. 57—58° for octadecan-1-ol) 

Petroselinoyl Chloride.—The acid (2-6 g.) and redistilled thionyl chloride’ were kept over- 
night, the excess of reagent then removed, and the acid chloride distilled, as a pale yellow oil, 
b. p. 144—146°/2-0 mm. (Found: C, 71-5; H, 10-9. C,,H,,OCI] requires C, 71-9; H, 11-0%). 
The amide (from light petroleum) had m. p. 74—75° (Vongerichten and Kohler, loc. cit., report 
m. p. 76°) (Found: C, 76-6; H, 12-95; N, 5-1. Calc. for C,,H,,ON: C, 76-9; H, 12-5; N, 
5-0°%); the anilide (from aqueous alcohol) had m. p. 62—63° (Found: C, 80-3; H, 11-2; N, 
4:3. C,,H,,ON requires C, 80-7; H, 10-9; N, 3-9%). 

Octadec-6-enylamine (Il; R = NH,).—The amide (400 mg.) was refluxed with lithium aluminium 
hydride (250 mg.) in tetrahydrofuran (25 ml.) for 30 minutes, giving the base (200 mg.), b. p. 
113—116°/0-5 mm., m. p. 18—20° (this rose after several weeks to 40—45°) (Found: C, 80-8; 
H, 14-1 N, 4-9 C,.H,,N requires C, 80-9; H, 13-9; N, 52% 
1-0," and gave octadecanylamine, m. p. 46°. 

Reaction of N-Bromosuccinimide with Methyl Petroselinate.—The ester (2-0 g.), N-bromo- 
succinimide (1-45 g.), and dibenzoyl peroxide (50 mg.) were refluxed in carbon tetrachloride 
(25 ml.) for 2 hours. Succinimide (0-75 


,). Microhydrogenation showed 


g.) was removed and the crude bromo-compound 
(Found: Br, 20-8. Calc. for C,,H;,0,Br: Br, 21-3%) refluxed with collidine (10 ml.). After 
cooling, dilution with ether, and removal of collidine hydrobromide (1-3 g.), the ethereal solution 
washed with water, dilute hydrochloric acid, and sodium carbonate solution and distilled, giving 
methyl octadeca-6 : 8-dienoate (1 g.), b. p. 154—156°/0-1 mm. (Found: C, 77-2; H, 11-9. 
C,,H;,0, requires C, 77-6; H, 11:6%). Light absorption: Maximum in EtOH, 232 my 
(log ¢ 4-27) [Hulst, loc. cit., records Ay... 231 my (log ¢ 4-55) for the isomeric 9: 11-dienoic acid}. 
Hydrolysis gave octadeca-6 : 8-dienoic acid, b. p. 153—155°/0-1 mm. (Found: C, 76-9; H, 11-8. 
C,,H,,0, requires C, 77-1; H, 11-4%). The p-bromophenacyl derivative had m. p. 79—81 
(from ethanol) (Found: C, 64-9; H, 8-0. C,,H,,0O,Br requires C, 65-4; H, 7-8). 
hydrogenation showed 2-0~ and gave stearic acid, m. p. 70—71 


Micro- 


Ozonolysis of Octadeca-6 : 8-dienoic Acid.—The acid (1-8 g.) was ozonised in glacial acetic 
acid (30 ml.), and the mixture then refluxed with 100-vol. hydrogen peroxide for three hours 
and steam-distilled, giving decanoic acid (400 mg.) (Found: C, 69-7; H, 11-9%; equiv., 173. 
Calc. for CygH»O,: C, 69-8; H, 116%; equiv., 172). The p-bromophenacyl ester had m. p. 
62—64°, alone or admixed with p-bromophenacyl decanoate. 

The residue from the steam-distillation was extracted with ether and then in a continuous 
extractor, the extract was methylated with diazomethane, and the methyl ester (300 mg.), 
b. p. 120—121°/25 mm., hydrolysed, giving adipic acid, m. p. 147—148° (after sublimation). 

8-Hydroxypetroselinic Acid.—Methy] 8-bromopetroselinate (3-6 g.) in methanol (25 ml.) was 
shaken overnight with moist silver oxide (from silver nitrate: 4-0 g.) and filtered, the residue 
washed with methanol, and the combined filtrates distilled, giving methyl 8-hydroxypetroselinate 
(1-4 g.), b. p. 182—134°/0-2 mm. (Found: C, 73-4; H, 11-8%; , 1. CygH,,O, requires 

73:1; H, 11-5%). The acid had b. p. 160—161°/0-5 mm. (Found: C, 72-05; H, 11-4. 

:sf,,0, requires C, 72-5; H, 11-4%). 
Reaction of Methyl 8-Bromopetroselinate with Sodiomalonic Ester.—Methyl 8-bromopetro- 
selinate (from 4-3 g. of ester) was refluxed with ethyl sodiomalonate (from 0-35 g. of sodium) in 
benzene (25 ml.) for 48 hours. The fraction of b. p. 190—191°/0-5 mm. (1-5 g.) (Found: C, 
69-15; H, 10-02; [,1-0. Calc. forC,,H,,0,: C, 68-7; H, 10-1%), on hydrolysis and distillation 
gave the dibasic acid (0-7 g.) from which the dimethy] ester, b. p. 157°/0-2 mm., was prepared 
Both this ester and its dihydro-derivative (Found: C, 71-5; H, 11-5. 
H, 11-4%) failed to cyclise under Dieckmann conditions. 


CooH,,O, requires C, 71-4; 
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914. Alicyclic Compounds. Part I. The Formation of cycloPropanes 
in the Kishner—Wolff Reduction of «8-Unsaturated Carbonyl Com- 
pounds, 

3y S. G. Beecu, J. H. TURNBULL, and WALTER WILSON. 

The decomposition of 3: 5-diphenyl- and 3-methyl-5-phenyl-A?- 

pyrazolines into nitrogen and cyclopropanes, with various catalysts, is 
investigated. On pyrolysis over potassium hydroxide, 5-phenyl-A?- 
pyrazoline is rapidly isomerised to 3-phenyl-A*-pyrazoline, which then 
slowly gives nitrogen, phenylcyclopropane, some olefinic material, and a tar. 
Some of the factors involved in the formation of A?-pyrazolines, azines, and 
unsaturated hydrazones from «a$-unsaturated carbonyl compounds and 
hydrazine are examined. In the preparation of 5-phenyl-A*-pyrazoline 
from cinnamaldehyde and hydrazine, cinnamaldehyde hydrazone is often 
obtained. A*-Pyrazolines are N-acetylated in hot glacial acetic acid; the 
acetyl compounds are converted into cyclopropanes on pyrolysis over 
potassium hydroxide (>1 equiv.). The mechanism of the Kishner—Wolff 
reaction, and the formation of cyclopropanes by this and the Buchner—von 
Pechmann synthesis, are discussed. 


HyDRAZONES may be pyrolysed by several methods, usually with an alkaline catalyst, 
collectively known as the Kishner—Wolff reaction (Todd, Org. Reactions, 1948, 4, 378) : 
>CIO —-> >CIN-NH, —-> SCH, + Ny. Many «$-unsaturated carbonyl compounds 
fe, 3: & Ph, R’ H, Me, or Ph) are abnormal in this reaction; their hydrazones 
often cyclise to A®-pyrazolines (II), which then may decompose into cyclopropanes (VI) 
and nitrogen (Kishner, J. Russ. Phys. Chem. Soc., 1912, 44, 849; 1913, 45, 949; 1915, 47, 
1102; 1918, 50, 1). Kishner’s catalyst (potassium hydroxide and platinised porcelain) 
has been employed usually by the few later workers who have followed this attractive 
route to cyclopropanes (e.g., Davidson and Feldman, J. Amer. Chem. Soc., 1944, 66, 488; 
Rogers, tbid., 1947, 69, 2544). Although Kishner’s method gave a cyclopropane in the 
reduction of pulegone, Wolff's procedure (catalyst, sodium ethoxide) yielded an olefin 
(Semmler and Feldstein, Ber., 1914, 47, 385). Recent studies on the reduction of 
«%-unsaturated carbonyl compounds, mainly by Wolff's procedure, have shown that 
olefins usually accompany the cyclopropanes formed and are often the sole products 
(Lardelli and Jeger, Helv. Chim. Acta, 1949, 32, 1817; Fischer, Lardelli, and Jeger, tbid., 
1950, 33, 1335; 1951, 34, 1577). 

With a view to improving the preparation of cyclopropanes and elucidating further the 
mechanism of their formation in Kishner—Wolff reactions, catalytic effects in the pyrolysis 
of selected A?-pyrazolines, and aspects of the formation of pyrazolines from «$-unsaturated 
carbonyl compounds, have been studied. Further publications will deal with various 
ispects of alicyclic chemistry, with particular reference to terpenes and steroids. 

Experiments (see Table) on the decomposition of 3 : 5-diphenyl-A*-pyrazoline (II; 
R = R’ = Ph), obtained from benzylideneacetophenone and hydrazine, confirmed the 
superiority of basic catalysts: the activity of strong acids (KHSO, and H,PQ,) is of 
considerable theoretical interest. Organic bases had appreciable activity, and very small 
amounts of potassium hydroxide were sufficient, suggesting the possibility of reducing the 
large amount of alkali customarily used in Kishner—Wolff reactions (cf. Todd, of. ctt., 
p. 385). The 1 : 2-diphenyleyclopropane (presumably a mixture of stereoisomers) obtained 
in these experiments contained only 3—6% of the isomeric olefin. The ultra-violet 
absorption curve of purified diphenylcyclopropane indicated appreciable interaction 
between the cyclopropane and the benzene ring. 

The pyrazoline (Il; R= Ph, R’ = Me) from benzylideneacetone was decomposed in a 
few similar experiments (see Table). A typical product from crude pyrazoline contained 
7% of olefin; the ultra-violet absorption data showed that the olefin content was 
considerably reduced when the pyrazoline had been purified. The same observation was 
made by Lardelli and Jeger (/oc. cit.), who employed different pyrolysis conditions. 
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Interesting results were expected from a study of the pyrolysis of 3- and 5-phenyl-A?- 
pyrazolines (von Auwers and Heimke, Annalen, 1927, 458, 186), which are potential 
tautomers. Unexpected complications arose in the preparation of the latter (I1; R Ph 

R-CH:CH-CO-R’ R-CH:CH-C(N-NH,)R’ R-CH-CHy CR’ 
(1) : (IIa) 
CH, 
"ae. , 
R-CH7@—CH-R 
(VI) on 
R-CH:CH-CHy'R’ 
(VIT) 


° ° (—N,) 
R-CH-CH,CH‘R’ 9 <—— 


(V) 


R’ = H) from cinnamaldehyde and hydrazine. The hydrazone was abnormally stable, 
and cyclisation to the pyrazoline was often incomplete. The hydrazone was easily 
detected by the quantitative precipitation of cinnamaldazine (III) on treatment with 
alcoholic cinnamaldehyde or, better, on shaking with dilute hydrochloric acid : 
2Ph-CH:CH-CH:N-NH, —-> NH,'NH, + (Ph*CH°CH’CH:N:), (III) 

Any pyrazoline also present dissolved in the acid and, after recovery, was identical with 
von Auwers and Heimke’s material. 3-Phenyl-A*-pyrazoline (Il; R =H, R’ = Ph) can 
be made from phenyl! vinyl ketone and hydrazine (Freudenberg and Stoll, Annalen, 1924, 
440, 36), but ¢-dimethylaminopropiophenone was a more accessible source. Reaction of 
this Mannich base with hydrazine gave the pyrazoline in excellent yield; in a previous 
study of this reaction (Jacob and Madinaveitia, J., 1937, 1929), the sole product was a 
vellow solid, believed to be polymeric. Both 3- and 5-phenyl-A*-pyrazoline were 
characterised as their nitroso-derivatives (von Auwers and Heimke, loc. cit.). 

In preliminary experiments, 5-phenyl-A?-pyrazoline isomerised rapidly to the 3-pheny] 
isomer (which has a more extended conjugated system) over potassium hydroxide at 200°. 
The ultimate pyrolysis products from either pyrazoline were phenylcyclopropane, some 
olefin, and much tar, possibly due to polymerisation of the olefin. Direct isomerisation of 
a A?-pyrazoline had not been recorded, although such changes have been encountered during 
the preparation of N-substitution products (von Auwers and Heimke, Joc. cit.; von Auwers 
and Ludewig, Ber., 1936, 69, 2347), and sometimes occur spontaneously during the 
preparation of A*-pyrazolines. Although it is established that 5-phenylpyrazoline can be 
made from cinnamaldehyde, spontaneous isomerisation to 3-phenylpyrazoline probably 
occurred during the preparation by Freudenberg and Stoll (oc. cit.), and possibly also during 
Lardelli and Jeger’s experiments (loc. cit.), as their product had m. p. 41—42°. 

The initial product irom an «$-unsaturated carbonyl compound and hydrazine will be 
the hydrazone, which can subsequently cyclise to the pyrazoline, or form an azine by 
reacting with a second carbonyl molecule. Consequently, the ease of azine formation will 
vary inversely with the rate of cyclisation of the unsaturated hydrazone. Cinnamaldehyde 
hydrazone is stable enough to be isolated, and both cinnamaldehyde and benzylidene- 
acetone readily formed azines in acetic acid; no azine could be obtained from benzylidene- 
acetophenone. The rates of cyclisation of the unsaturated hydrazones (IIA; R Ph) are 
therefore in the order R’ = Ph > Me > H. Boiling glacial acetic acid cyclises unsaturated 
phenylhydrazones (von Auwers and Voss, Ber., 1909, 42, 4412; Raiford and Petersen, 
J. Org. Chem., 1937, 1, 544; Nisbet, J., 1945, 126). The ketones (I; R = Ph, 
R’ = Ph or Me) and excess of hydrazine in boiling acetic acid gave crystalline 
N-acetylpyrazolines; hydrazine alone in boiling acetic acid gave 1 : 2-diacetyl- 
hydrazine. Pyrolysis of N-acetylpyrazolines over potassium hydroxide (>1 equiv.) 
(see Table) gave hydrocarbons similar to those obtained from the parent pyrazolines; 
indeed, the latter are no doubt formed intermediately by deacetylation. 

Discussion.—Two main stages are believed to be involved in the Kishner—Wolff 
decomposition of hydrazones : 


ee OH- " — . 7 
>C:N-NH, == >CH-N:NH —> >CH, + N, 
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(Balandin and Vaskevitch, J]. Gen. Chem. U.S.S.R., 1936, 6, 1878; Todd, ]. Amer. Chem. 
Soc., 1949, 71, 1356; Seibert, Ber., 1947, 80, 494; 1948, 81, 266). A simple extension of 
this mechanism (Barton, Holness, and Klyne, /., 1949, 2457) explains bond migration 


Olefin 
Time, Bb. p./mm content, 
Catalyst ! Solvent femp hi (and nj) % 
Pyrolysis of 3: 5-diphenyl-A*-pyrazoline 
*CH°CH-COPh,g, g 1 : 2-Diphenylceyclopropane 2 
4 KOH (1 g.) (*CH,°OH), 200 8 152—154°/10 77 
(10 c.c.) 
KOH (0-2 g.) (*CH,°OH), 200 8 “ 158—160/12 
(30 c.c.) (1-5947) 
KOH (1 g None 200 170/16 
KOH (UV 22 None 200 156 159/12 
(1-5950) 
Na, O; (1 g.) None 200 2 148—154 8 
NaOdAc (1 g None 200 : 148—154,/8 
Quinoline (20 c.c.) 230 
N Bu®, (20 c.c.) 200 
N(CH,°CH,°OH), 200 
(20 c.c.) 
K,HPO, (4 g.) None 200 
H,PO,(0-l5c.c.) None 200 


KHSO (1 g.) None 200 2 160/11 


Pyrolysis of 3-methyl-i-phenyl-A*-pyrazoline. 
'-Methyl-2-phenyleycl 
KOH (1 § (*CH,°OH), 200 , 80°/12 
(15 c.c.) 
KOH (2 ¢ None 200 
N(CH,°CH,°OH), 200 
(6 cc 


Pyrolysis of 1-acetyl-3 : 5-diphenyl-A*?-pyrazoline. 
1 : 2-Diphenylcyclopropane 
KOH (5 g.) None 200 2 149—-154°)8 73 
KOH (: Diethylene 200 2 156—158 9 79 
glycol 
Cc.) 

1 Yields were zero with the following catalysts at 200°: none (24 hr.), Na,PO, (0-33 pt.; 24 hr.), 
KH,PO, (0-33 pt.; 27 hr.), ultra-violet irradiation, ethereal solution (30°; 15 hr.)’, Pt foil (24 hr.), 
Pt black (0-025 pt 24 hr.), Cu bronze (Shr.). 2 Kishner, J. Ru Phys. Chem. Soc., 1915, 47, 1104, 
gives b. p. 145°/9-5 mm ni, 1-5960—1-5967; Lespieau and Wakelin, Bull. Soc. chim., 1932, 51, 384, 
give b. p. 164—166°/13 mm. ; ni} 1-5897. % Acetophenone-vapour heating-bath not used; solvent 

luxed. * The product from this experiment, after being treated with bromine in carbon 
tetrachloride, washed with sodium thiosulphate solution, and refractionated, had the following ultra- 
violet absorption (in EtOH): Amaz. 234 my (€ 12,600); inflexion at 275 mp (€ 900). 5 3: 5-Diphenyl- 
pyrazole (50%) also isolated; the KHSO, became reduced and the reaction product gave SO, and 
H,O with acids. ® Lardelli and Jeger, Helv. Chim. Acta, 1949, 32, 1817, give b. p. 80—85°/11 mm. 
? Ultra-violet absorption (in EtOH): Amax. 254 (e« 1000) and 275 mu (€ 320), and absorption at 230 my 
(e >2500). For hydrocarbon samples similarly obtained from redistilled pyrazoline Amax. 268 
(e 420) and 275 my (e 290), and absorption at 230 my (e >2500); no max. at 254 my (e 480) 


during formation of olefins from certain «$-unsaturated carbonyl compounds (in these cases 
the hydrazone probably does not cyclise) (Fischer, Lardelli, and Jeger, locc. cit.). Since 
pyrazolines may be regarded as cyclic hydrazones, the mechanism (I1) == (1V) —~> 
(V) —— (VI) for the transformation of A*-pyrazolines into cyclopropanes is at once 
suggested. In this scheme, the rate-controlling step is the prototropic rearrangement 
(11) == (IV); substances which have catalytic activity in the pyrolysis of pyrazolines 
(e.g., Table) are those which would facilitate prototropy (cf. Ossorio and Hughes, J., 1952, 
426). Triethanolamine is both a proton acceptor and a potential donor, and is a more 
effective catalyst than tributylamine or quinoline, which are solely proton acceptors. 
Among the phosphates used, only K,HPO, had catalytic activity ; it is tempting to attribute 
this to the amphoteric nature of the HPO, ion; the PO, ion is a stronger proton acceptor, 
but is not amphoteric, and Na,PO, is inactive. The alkali-catalysed conversion of 5- into 
3-phenyl-A?-pyrazoline is believed to be a two-stage prototropic rearrangement, in which 
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the A}-pyrazoline (IV; R= Ph, R’ =H) is formed transitorily. The equilibrium 
(II) = (IV) is therefore a reasonable postulate; only a small concentration of 
A}-pyrazoline (IV) is necessary to account for hydrocarbon formation. The equilibrium 
will favour (II), as A!-pyrazolines, isolated from activated olefins and aliphatic diazo- 
compounds, can be rapidly isomerised to (substantially pure) A*-pyrazolines by mineral 
acids (von Auwers and Cauer, Annalen, 1929, 470, 305; von Auwers and Konig, 1bid., 
1932, 496, 27; von Auwers and Ungemach, Ber., 1933, 66, 1198). 

There are many analogies for the decomposition of A1-pyrazolines (IV) into nitrogen and 
1 : 3-diradicals (V) (e.g., Overberger and Berenbaum, J. Amer. Chem. Soc., 1951, 73, 4883) ; 
the diradicals should cyclise readily to cyclopropanes (VI), but their rearrangement to 
isomeric olefins (VII) is also possible. Olefins may also arise by rearrangement of previously 
formed cyclopropanes (e.g., Davidson and Feldman, loc. ctt.; Kelso, Greenlee, Derfer, and 
Boord, J. Amer. Chem. Soc., 1952, 74, 291). In the Buchner—von Pechmann synthesis of 
cyclopropanes from activated olefins and aliphatic diazo-compounds, the intermediate 
A}-pyrazolines probably lose nitrogen before isomerisation to A*-pyrazolines can occur. 
Later work on the Buchner—von Pechmann synthesis has shown that olefins are frequently 
formed instead of cyclopropanes, particularly from less heavily substituted A!-pyrazolines 
(von Auwers and Konig, Annalen, 1932, 496, 252); catalysts do not appear to be essential 
for the reaction, although copper bronze or platinum is sometimes added (e.g., Owen and 
Simonsen, J., 1932, 1424; Campbell and Harper, J., 1945, 283; Kohler and Steele, J. Amer. 
Chem. Soc., 1919, 41, 1093). The behaviour of known A!-pyrazolines is therefore consistent 
with the view that they are formed intermediately, by the action of prototropic catalysts, 
during the pyrolysis of A*-pyrazolines. 

A few conclusions of practical value may be stated. In making cyclopropanes from 
a$-unsaturated compounds, pyrazoline formation should be complete before pyrolysis. In 
some cases the isolation and purification of N-acetylpyrazolines may be useful. Often, 
however, even pure pyrazolines give some olefin on pyrolysis. Useful innovations are the 
use of dipotassium hydrogen phosphate, triethanolamine, or small amounts of potassium 
hydroxide, as the catalyst. The extension of some of these procedures to the normal 
Kishner—Wolff reduction of saturated carbonyl compounds is giving promising results. 


EXPERIMENTAL 


A nitrogen atmosphere was employed in all experiments (including those recorded in the 
Table) involving pyrazolines. An acetophenone-vapour bath was used, unless otherwise stated, 
for maintaining temperatures of 200°. Olefins were determined with perbenzoic acid in benzene 
(Kolthoff, Lee, and Mairs, J. Polymer Sci., 1947, 2, 199). 

3 : 5-Diphenyl-A*-pyrazoline.—Recrystallised benzylideneacetophenone (Org. Synth., Coll. 
Vol. I, 2nd Edn., p. 78) (12 g.), 90% hydrazine hydrate (7-5 c.c.), and ethanol (30 c.c.) were 
refluxed for 20 minutes, then evaporated, finally at 100° (bath-temp.)/12 mm. The waxy 
residue was used in pyrolysis experiments without distillation; it had m. p. 84—86°, b. p. 174— 
178° /0-02 mm. (without decomp.) (Kishner, /oc. cit., gives m. p. 88°). 

1-Acetyl derivative. Refluxing of a solution of benzylideneacetophenone (8 g.) and 90% 
hydrazine hydrate (5 c.c.) in acetic acid (25 c.c.) for 1 hour, evaporation, and fractional 
crystallisation of the residue from ethanol, gave the acetyl derivative (68%), m. p. 125-5—126 
(Found: C, 77-9; H, 6-15. Calc. for C,,H,,ON,: C, 77:25; H, 6-1%), and 1: 2-diacetvl- 
hydrazine (6 g.), m. p. 138—139°. A 92% yield of the acetylpyrazoline, m. p. 125°, was obtained 
from the purified pyrazoline and acetic anhydride (Freudenberg and Stoll, Joc. cit.). Hydrazine 
hydrate (5 c.c.; 90%) and acetic acid (25 c.c.) were refluxed for 1 hour; the product, 
recrystallised from dioxan, was 1: 2-diacetylhydrazine (43%), m. p. 135—137° (Guha and 
Chakraborty, J. Indian Chem. Soc., 1928, 6, 102, give m. p. 139°). 

3-Methyl-5-phenyl-A*-pyrazoline.—Redistilled benzylideneacetone (4-0 g.), 90% hydrazine 
hydrate (2-5 c.c.) and ethanol (10 c.c.) were refluxed for 1 hour, and the product was heated at 
120° (bath-temp.)/12 mm., to remove water and ethanol. The crude pyrazoline was used 
without distillation in most pyrolysis experiments ; it had b. p. 166°/35 mm. (without decomp.) 
(von Auwers and Heimke, loc. cit., give b. p. 143—144°/12 mm.). 

1-Acetyl derivative. A mixture of benzylideneacetone (4 g.), 90% hydrazine hydrate (2 c.c.), 
and glacial acetic acid (10 c.c.) was refluxed for 1 hour, evaporated to a syrup, and diluted with 


ether. 1 : 2-Diacetylhydrazine (0-7 g.; m. p. 134—136°) was filtered off; the ethereal solution 
13x 
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was distilled, and the fraction of b. p. 179°/10 mm. recrystallised from ether, giving the I-acety]- 
pyrazoline (63%), m. p. 77—79° (Found: C, 71-1; H, 6-85. Calc. for C,,H,,ON,: C, 71-2; 
H, 7-0%) (von Auwers and Heimke, Joc. cit., give m. p. 76°). 

Experiments on the Formation of Azines.—Benzylideneacetone (4 g.) was added to a cold 
mixture of 90% hydrazine hydrate (1 c.c.) and acetic acid (3 c.c.). After 15 minutes, the azine 
(3-7 g., 70%), m. p. 159°, was filtered off (Knopfer, Monatsh., 1909, 30, 38, gives m. p. 160°). 
An azine could not be obtained from benzylideneacetophenone by this procedure, but cinnam- 
aldazine was very readily formed 

3-Phenyl-A?-pyrazoline.—3-Dimethylamino-1-phenylpropan-l-one (29-7 g.; from the hydro- 
chloride, prepared as in Org. Synth., 1943, 23, 30), 90% hydrazine hydrate (25 c.c.), and ethanol 
(60 c.c.) were refluxed for 3 hours : dimethylamine was evolved. Distillation afforded 3-pheny]- 
A*-pyrazoline (81%), b. p. 150—152°/10 mm., m. p. 44°; a solution of the base in cold dilute 
hydrochloric acid with sodium nitrite gave the nitroso-compound, m. p. 151—152° after 
recrystallisation (von Auwers and Heimke, loc. cit., give b. p. 164°/17 mm., m. p. 44—45°, and 
m. p. 152-5—153-5°, respectively). The colourless pyrazoline rapidly darkened and evolved 
nitrogen on exposure to air, but was stable in the absence of air. 

Pyrolysis of 3-Phenyl-A?-pyrazoline.—A solution of the pyrazoline (19-8 g.) and potassium 
hydroxide (0-5 g.) in ethylene glycol (30 c.c.) was slowly distilled; fresh glycol (40 c.c.) was 
added to maintain the volume over a total period of 7-5 hours. The distillate was diluted with 
water, and the oil (32%) isolated by ether; it was mainly phenylcyclopropane containing 
8-methylstyrene (8-1%), and had b. p. 172—174°, nj} 1-5298 (Lespieau, Compt. rend., 1930, 190, 
1129, for example, gives for phenylcyclopropane, b. p. 170-5°/760 mm., v3? 1-5291; for 6-methy!l- 
styrene, b. p. 173°/760 mm., nj) 1-550). The pyrolysis residue was extracted with dilute hydro- 
chloric acid, and sodium nitrite added to precipitate 1-nitroso-3-phenyl-A?-pyrazoline (10%). 
A dark brown neutral tar (6-3 g.) was also obtained from the residue. Pyrolysis of 3-phenyl- 
A®-pyrazoline over potassium hydroxide at 200° without a solvent gave similar results. 
Reduction of the reaction time decreased the yield of hydrocarbon, and increased the amount of 
undecomposed pyrazoline. 

5-Phenyl-A*?-pyrazoline.—(a) Freshly distilled cinnamaldehyde (13-2 g.) was added to a 
mixture of 90% hydrazine hydrate (12 c.c.) and ethanol (40 c.c.); alteration of this order of 
addition causes precipitation of a large amount of azine. The mixture was refluxed for 1 hour, 
ethanol distilled off, and the residue dissolved in ether and washed with water. Distillation 
gave a colourless oil (6-6 g.), b. p. 146—148°/9 mm., which was a mixture of 5-phenyl-A?- 
pyrazoline (>50%) and cinnamaldehyde hydrazone (23%). The oil (1:00 g.) was 
suspended in cold water (5 c.c.), and 2N-hydrochloric acid (10 c.c.) added; the precipitate of 
cinnamaldazine (23%), m. p. 161—163°, was filtered off. The filtrate with sodium nitrite 
(0-5 g.) precipitated 1-nitroso-5-phenylpyrazoline (50%), m. p. 71°. Treatment of the oil with 
cinnamaldehyde in ethanol gave a copious precipitate of cinnamaldazine (von Auwers and 
Heimke, Joc. cit., give b. p. 152-6—152-8°/15 mm. for the pyrazoline, and m. p. 74-5° for the 
nitroso-derivative). 

(b) In a further experiment, the mixture was refluxed for 3 hours, and the solvent distilled 
off, finally at 180° (bath-temp.; maintained for 5 minutes). The product was not distilled ; 
analysis as in (a) showed it to be mainly hydrazone, containing about 25% of pyrazoline 

(c) Cinnamaldehyde (26-4 g.) was converted, as in (a), into a product (19-15 g.),.b. p. 140 
145°/9 mm. RKedistillation gave pure 5-phenyl-A*-pyrazoline (60%), b. p. 135—138°/9 mm., 
n}} 1-5750, which gave no precipitate with ethanolic cinnamaldehyde. The pyrazoline (0-99 g.) 
was dissolved in cold dilute hydrochloric acid (mo precipitate), and sodium nitrite added; the 
nitroso-compound (74%) had m. p. 70—71 

Pyrolysis of 5-Phenylpyrazoline.—The pure pyrazoline (15-6 g.) from (c) was heated under 
reflux at 200° with potassium hydroxide (0-1 g.) for 1-5 hours. The product was shaken 
with dilute hydrochloric acid; the neutral fraction gave phenylcyclopropane (32-5%), b. p. 
172—174°, n2! 1-5311 (which contained 3% of $-methylstyrene), and much non-volatile tar. 
The acid solution with sodium nitrite gave 1-nitroso-3-phenyl-A?-pyrazoline (39%), m. p 
144—145°, undepressed on admixture with an authentic specimen. 

The authors are grateful to Professor M. Stacey, F.R.S., for encouragement and for facilities 
Part of the expenses of the investigation was covered by a grant from Imperial Chemical 
Industries Limited. 
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915. Pyrimidines. Part IV.* Experiments on the Synthesis 
Pyrimidine and 4 : 6-Dimethylpyrimidine. 
By (Miss) M. P. V. BoarLanp, J. F. W. McOmir, and R. N. Tims. 


Several methods for the preparation of pyrimidine and 4: 6-dimethyl- 
pyrimidine have been investigated. Although most of them are of theoretical 
interest only, 4: 6-dimethylpyrimidine can be prepared in good yield by the 
catalytic reduction of the corresponding 2-chloro-compound. 

A new method for the isolation of pyrimidines from aqueous solution 
is described. 

The results of bacteriological tests on a variety of pyrimidines are 
recorded. 


PYRIMIDINE and its methyl derivatives are generally prepared by reductive dehalogenation 
of the chloro-compounds derived from readily accessible oxy-derivatives. The final 
dehalogenation almost invariably lowers the yield, often rendering the method impractic- 
able, and only very recently has this difficulty been overcome (Whittaker, ]., 1951, 1565; 
Lythgoe and Rayner, J., 1951, 2323). We have therefore investigated other methods (both 
direct and indirect) for the removal of halogen from the pyrimidine ring. Although most 
of these have not proved of practical value, they appear worth reporting, together with 
some investigations into the more conventional methods of dehalogenation. 

Pyrimidine.—A general method for replacing an active chlorine atom in heterocyclic 
compounds by hydrogen has been described by Albert and his co-workers (J., 1949, 1148, 
1284). Benzenesulphonhydrazide and 2: 4-dichloropyrimidine condensed smoothly in 
ethanol; alkaline hydrolysis of the bisbenzenesulphonhydrazino-derivative gave a 66%, 
yield of pyrimidine, isolated as its mercuric chloride complex. The identity of the complex 
obtained in this and all following experiments was confirmed by means of X-ray powder 
photographs (see Table 1). 


TABLE 1. X-Ray spacings (A) corresponding to the three most intense lines for 
mercuric chloride complexes of pyrimidine derivatives, etc. 
Pyrimidine 4 : 6-Dimethylpyrimidine Trimethylenediamine Unidentified compound * 
d I d I l I d 
71 8- 10 ‘5 10 71 10 
6-55 5-3: 9 - 9 6-56 8 
4: ‘ 8 2-¢ 8 4-79 9 
* Estimated visually, the value 10 being given to the strongest line. * Product from the 
desulphurisation of 2-mercaptopyrimidine 


St] ¢ 3 
83 3-9 


Although Schofield and Swain (J., 1950, 392) have described the oxidation of 4-cinnoly] 
hydrazines by aqueous copper sulphate to the corresponding cinnolines, only a negligible 
yield of pyrimidine—mercuric chloride complex was obtained from 2 : 4-dihydrazinopyr- 
imidine. 

Raney nickel has frequently been used to remove mercapto- or alkylthio-groups in the 
pyrimidine series (e.g., Brown J. Soc. Chem. Ind., 1950, 69, 353). However, the readily 
available 2 : 4-dithiouracil (Boarland and McOmie, J., 1951, 1218) gave only a low yield of 
pyrimidine. Cavalieri and Bendich (J. Amer. Chem. Soc., 1950, 72, 258) mentioned this 
reaction but gave no details of their yield or method. Desulphurisation of dithiouracil in 
ethanol gave no pyrimidine ; similarly, 2-mercapto-4 : 6-dimethylpyrimidine (see below) and 
5-amino-2-ethylthio-4-hydroxypyrimidine (Part V, in the press) were desulphurised in 
aqueous solution, but were unaffected by Raney nickel in neutral alcohol. The action of 
Raney nickel on 2-mercaptopyrimidine is described in the Experimental section. An 
attempt to prepare 2-mercaptopyrimidine directly by the condensation of sodiomalon- 
dialdehyde (Gaspar, U.S.P. 2,465,586 /1949) and thiourea in the presence of sodium ethoxide 
was unsuccessful. 

* Part III, J., 1952, 3722. 
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It is of interest that Raney nickel removed not only the alkylthio-group, but also the 
5-bromine atom, from 5-bromo-2-methylthiopyrimidine, a low yield of pyrimidine being 
thus obtained (McOmie and White, forthcoming publication). 

Catalytic reduction of 2: 4-dichloropyrimidine was attempted under a wide variety of 
conditions, but good reproducible yields of pyrimidine could not be obtained. Recently 
Whittaker (loc. cit.) has successfully dehalogenated chloropyrimidines by using magnesium 
oxide as the hydrogen chloride acceptor. 

In experiments on the catalytic reduction of 2-chloropyrimidine with different catalysts, 
solvents, and hydrogen chloride acceptors, use of magnesium oxide was found to give 
70—80% yields of pyrimidine-mercuric chloride complex with palladium-strontium 
carbonate, —charcoal, or —barium sulphate. Raney nickel gave negligible yields. Dehalo- 
genation of 2-chloropyrimidine with palladium on polyvinyl alcohol (Rampino and Nord, 
J. Amer. Chem. Soc., 1941, 63, 2745) proceeded smoothly, although the yield of pyrimidine 
was only 58%. In all these experiments, it was necessary to stop the reduction when 1 mol. 
of hydrogen had been absorbed since the rate of hydrogen uptake did not then decrease. 
This is probably the simplest method of preparing small quantities of pyrimidine, owing 
to the ready availability of 2-chloro- from 2-amino-pyrimidine (U.S.P. 2,477,409/1949). 

In the present work it was found that the pyrimidine—mercuric chloride complex is 
soluble in aqueous sodium chloride and dilute hydrochloric acid; consequently, pyrimidine 
was always isolated by steam-distillation from alkaline solution before precipitation with 
mercuric chloride. 

4 : 6-Dimethylpyrimidine.—2-Hydrazino-4 : 6-dimethylpyrimidine was oxidised by 
copper sulphate, giving a 62% yield of 4 : 6-dimethylpyrimidine—mercuric chloride complex. 
However, the reaction has to be carried out in aqueous solution and the pyrimidine must be 
isolated as its complex with mercuric chloride or with 2’-hydroxy-2 : 4:4: 7 : 4’-penta- 
methylflavan (see below) and subsequently regenerated. 

The optimum conditions for the desulphurisation of 2-mercapto-4 : 6-dimethylpyr- 
imidine by Raney nickel in aqueous solution (see Experimental) gave ca. 70% yields of the 
mercuric chloride complex. The use of acidic ethanol had the advantage that the pyrimidine 


TABLE 2. Agar-cup diffusion tests on pyrimidines. 


> 


nutrient agar; F.B fresh blood agar. D diameter (mm.) of inhibition ring ; 
cup 8S mm. 
Pyrimidine ! Concn.? (%) Staph. aureus Other organisms 
Penicillin] . , DP tentiis 0-0006 N.A. 31 
2-Mercapto- etbkacsenti pidnchaaietn 0-25 N.A. 25-9 


3)N.A. 21-8 
F.B. 19-6 E 


Resistant Staph. aureus SFB. 19-9 


var. Sonne B. 13-6 
Str. viridans B. 25-2 
Mycobact. smegmatis F. B. 18-4 
Resistant Staph. aureus N.A. 16-8 


Salmonella dysenteriae, \e A. 14-5 
F 
F. 


2-Mercapto-4 : 6-dimethy]- 

S-(4 : 6-Dimethy]-2-pyrimidy])thi- 
uronium chloride 

2 : 4-Dimercapto- 

5-Chloro-2-mercapto- 

Bi: ]-DimMexeapte- o.ccccccvcccsccocseccvesess 

S-(4-Mercapto-6-pyrimidy])thiuronium 
chloride Sapdantwawdanenns 

2-Hydrazino-4 : 6-dimethyl- 


N 

N.A. 14-4 
N.A. trace 
N.A. 16-9 
N.A. 10-3 


A. 11-5 - ” N.A. trace 
A. 21- ‘i a ? (ill-defined) 
(hazy) 
2 : 4-Dihydrazino- Seokiacdeents ; . N.A. § 

0- 


5 
0-25 


Zune 2A wees Ow 


1 The following showed no zone of inhibition when tested in ca. 0-5% solution: 2- and 4-hydroxy-, 


4: 6-dihydroxy-, 4-hydroxy-2-mercapto-, 5-amino-4-hydroxy-, 5-amino-2-ethylthio-4-hydroxy-, 2- 
amino-, and 2-amino-4 : 6-dimethyl-pyrimidine, 4 : 6-dimethyl-2-pyrimidylthioacetic acid, 4-hydroxy- 
pyrimidine-5-carboxylic acid, and 4-hydroxy-2-mercaptopyrimidine-5-carboxylic acid. * Solutions 
were prepared in M/15-phosphate buffer of pH 6-98. If necessary a few drops of alkali were added to 
make the solution neutral. Some of the compounds did not dissolve completely; these are indicated 
by the sign <. * A strain of Staphylococcus resistant to penicillin, streptomycin, aureomycin, and 
chloramphenicol. 
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could be isolated directly from the reaction mixture, and yields of ca. 50% of the 4: 6- 
dimethylpyrimidine were thus obtained. 

2-Chloro-4 : 6-dimethylpyrimidine could be dehalogenated in good yield by catalytic 
hydrogenation under pressure, and this is a convenient method for preparation of 4 : 6- 
dimethylpyrimidine in quantity. 

Isolation of Pyrimidines from Aqueous Solution.—The suggestion (Baker, Curtis, and 
Edwards, J., 1951, 83) that the crystalline molecular complexes formed by 2’-hydroxy- 
2:4:4:7:4'-pentamethylflavan with many amines (and certain ethers and ketones) 
might find application in the isolation and purification of these compounds was followed 
up. Pyrimidine and 4: 6-dimethylpyrimidine readily gave complexes of constitution, 
flavan : H,O : base = 2:2:1 and 2:1:1 respectively. 2-Methylpyrimidine, although 
not forming an adduct with this flavan, readily gave an anhydrous complex, 
Cy9Hy,0, : C;HgN. = 2:1, with 2’-hydroxy-2 :4:4:6: 5’-pentamethylflavan. (As with 
dioxan and morpholine, the bifunctional pyrimidine derivatives form complexes containing 
two mols. of flavan instead of the usual 1: 1] adduct.) The pyrimidine derivatives can thus 
be extracted from dilute aqueous solution in high yield, and may be recovered in a very 
pure state by distillation of the complex. These flavan complexes possess many advantages 
over those with mercuric chloride and may prove valuable in the bulk preparation of pure 
pyrimidines. 

Bacteriological results are given in Table 2. 


EXPERIMENTAL 


M. p.s are uncorrected. Microanalyses are by Mr. W. M. Eno, Bristol, and Drs. Weiler and 
Strauss, Oxford. 

Preparation and Hydrolysis of 2: 4-Bisbenzenesulphonhydrazinopyrimidine.—2 : 4-Dichloro- 
pyrimidine (3-0 g.) and benzenesulphonhydrazide (10-8 g.; Lorenzen, J. pr. Chem., 1898, 58, 166) 
in ethanol (20 c.c.), when heated under reflux for 2 hours and then concentrated, gave a colourless 
product (6-9 g.), m. p. 219° (decomp.), which could not be recrystallised. The impure 2: 4- 
bisbenzenesulphonhydrazinopyrimidine (1-0 g.) was heated under reflux with a ten-fold excess of 
n-sodium hydroxide (50 c.c.) for 1 hour. The initially red solution had then become yellow and 
evolution of nitrogen had ceased. The solution was distilled, about 35 c.c. of distillate being 
collected. This was treated with saturated aqueous mercuric chloride and the resulting 
pyrimidine—mercuric chloride complex (needles) collected (66%). 

2 : 4-Dihydrazinopyrimidine.—Hydrazine hydrate (8 c.c.; 100%) was slowly added to 
2 : 4-dichloropyrimidine (4-0 g.) in ethanol (25 c.c.), a vigorous exothermic reaction occurring. 
On cooling, the mixture solidified in small needles (1-4 g.). 2: 4-Dihydrazinopyrimidine formed 
prisms, m. p. 211—212° (decomp.), from water (Found: C, 34-4; H, 5-8; N, 60-0. C,H,N, 
requires C, 34:3; H, 5-7; N, 60-0%), giving deeply coloured complexes with metal ions (nickel, 
iron, copper, etc.). 

Oxidation. 10% Aqueous copper sulphate (8-0 c.c.) was added dropwise to dihydrazino- 
pyrimidine (0-5 g.) in boiling water (5-0 c.c.), and the dark brown solution was heated for a further 
30 minutes. After filtration, the solution was made alkaline with sodium hydroxide and distilled. 
The distillate gave only a few mg. of pyrimidine—mercuric chloride complex. 

Desulphurisation of 2: 4-Dithiouracil._—2 : 4-Dithiouracil (5-0 g.) was suspended in water 
(200 c.c.) at 50° and the pH adjusted to ca. 7 with sodium carbonate. Raney nickel (23 g.) 
was added and the mixture heated under reflux for 2 hours. After filtration, the pale yellow 
solution was distilled, giving an unpleasant smelling, strongly basic distillate which gave the 
pyrimidine—mercuric chloride complex as needles (17-2%). No trimethylenediamine was 
isolated (see Table 1). 

Desulphurisation of 2-Mercaptopyrimidine.—To 2-mercaptopyrimidine (0-5 g.), dissolved in 
warm water (50 c.c.) and ethanol (5 c.c.), Raney nickel (2 g.) was added and the mixture heated 
under reflux for 1} hours. The colour, which was bright green after addition of the nickel, 
gradually faded to pale yellow. After filtration, the solution was made alkaline and distilled, 
yielding a mercuric chloride complex, plates (0-7 g.). An X-ray powder photograph showed very 
slight differences from that of the pyrimidine—mercuric chloride complex (see Table 1). The 
possibility that a di- or tetra-hydropyrimidine had been formed was not further investigated. 

Isolation of a Reineckate from the Catalytic Reduction of 2: 4-Dichloropyrimidine.—This 
pyrimidine (22-0 g.) with palladium-strontium carbonate (2-0 g.) and sodium succinate (2-4 g.) 
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It is of interest that Raney nickel removed not only the alkylthio-group, but also the 
5-bromine atom, from 5-bromo-2-methylthiopyrimidine, a low yield of pyrimidine being 
thus obtained (McOmie and White, forthcoming publication). 

Catalytic reduction of 2 : 4-dichloropyrimidine was attempted under a wide variety of 
conditions, but good reproducible yields of pyrimidine could not be obtained. Recently 
Whittaker (Joc. cit.) has successfully dehalogenated chloropyrimidines by using magnesium 
oxide as the hydrogen chloride acceptor. 

In experiments on the catalytic reduction of 2-chloropyrimidine with different catalysts, 
solvents, and hydrogen chloride acceptors, use of magnesium oxide was found to give 
70—80% yields of pyrimidine-mercuric chloride complex with palladium-strontium 
carbonate, —charcoal, or —barium sulphate. Raney nickel gave negligible yields. Dehalo- 
genation of 2-chloropyrimidine with palladium on polyvinyl alcohol (Rampino and Nord, 
J. Amer. Chem, Soc., 1941, 63, 2745) proceeded smoothly, although the yield of pyrimidine 
was only 58°%. In all these experiments, it was necessary to stop the reduction when 1 mol. 
of hydrogen had been absorbed since the rate of hydrogen uptake did not then decrease. 
This is probably the simplest method of preparing small quantities of pyrimidine, owing 
to the ready availability of 2-chloro- from 2-amino-pyrimidine (U.S.P. 2,477,409/1949). 

In the present work it was found that the pyrimidine—mercuric chloride complex is 
soluble in aqueous sodium chloride and dilute hydrochloric acid; consequently, pyrimidine 
was always isolated by steam-distillation from alkaline solution before precipitation with 
mercuric chloride. 

4 : 6-Dimethylpyrimidine.—2-Hydrazino-4 : 6-dimethylpyrimidine was oxidised by 
copper sulphate, giving a 62% yield of 4 : 6-dimethylpyrimidine—mercuric chloride complex. 
However, the reaction has to be carried out in aqueous solution and the pyrimidine must be 
isolated as its complex with mercuric chloride or with 2’-hydroxy-2 : 4:4: 7 : 4’-penta- 
methylflavan (see below) and subsequently regenerated. 

The optimum conditions for the desulphurisation of 2-mercapto-4 : 6-dimethylpyr- 
imidine by Raney nickel in aqueous solution (see Experimental) gave ca. 70% yields of the 
mercuric chloride complex. The use of acidic ethanol had the advantage that the pyrimidine 


TABLE 2. Agar-cup diffusion tests on pyrimidines. 


= nutrient agar; F.B fresh blood agar. D diameter (mm.) of inhibition ring; 
cup 8 mm. 


Pyrimidine } Concn.? (%) Staph. aureus Other organisms 

Penicillin} . 0-0006 N.A. 31 
2-Mercapto- ; 0-25 N.A. 25-9 
F.B. 19-6 


yN.A. 21-8 

SF.B. 19-9 

Salmonella dysenteriae, yN.A. 14-5 

var. Sonne F.B. 13-6 

Str. viridans F.B. 25-2 

Mycobact. smegmatis F. B. 18-4 

2-Mercapto-4 : 6-dimethyl- ............. ' N.2 8-7 Resistant Staph. aureus N.A. 16-8 

S-(4 : 6-Dimethyl]-2-pyrimidy])thi- 

uronium chloride 1.A. 19-3 : ; N.A. 14-4 

2 : 4-Dimercapto- <0-25 N.A. 11-3 N.A. trace 

5-Chloro-2-mercapto- <0 N.A. If ‘ , N.A. 16-9 

4 : 6-Dimercapto- PERE Es ae ‘ N j _ N.A. 10-3 
S-(4-Mercapto-6-pyrimidy])thiuronium 

chloride ‘ “2! N.A. 11-é is ™ N.A. trace 

2-Hydrazino-4 : 6-dimethyl-_. N.A. 21- i . ? (ill-defined) 

; (hazy) 
2 : 4-Dihydrazino- sieepiws ‘ N.A. 27: re = 26-8 
: 22-9 


ee 
17-5 


Resistant Staph. aureus® 


1 The following showed no zone of inhibition when tested in ca. 0-5% solution: 2- and 4-hydroxy-, 
4: 6-dihydroxy-, 4-hydroxy-2-mercapto-, 5-amino-4-hydroxy-, 5-amino-2-ethylthio-4-hydroxy-, 2- 
amino-, and 2-amino-4 : 6-dimethyl-pyrimidine, 4 : 6-dimethyl-2-pyrimidylthioacetic acid, 4-hydroxy- 
pyrimidine-5-carboxylic acid, and 4-hydroxy-2-mercaptopyrimidine-5-carboxylic acid. * Solutions 
were prepared in M/15-phosphate buffer of pH 6-98. If necessary a few drops of alkali were added to 
make the solution neutral. Some of the compounds did not dissolve completely ; these are indicated 
by the sign <. #% A strain of Staphylococcus resistant to penicillin, streptomycin, aureomycin, and 
chloramphenicol. 
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could be isolated directly from the reaction mixture, and yields of ca. 50% of the 4: 6- 
dimethylpyrimidine were thus obtained. 

2-Chloro-4 : 6-dimethylpyrimidine could be dehalogenated in good yield by catalytic 
hydrogenation under pressure, and this is a convenient method for preparation of 4 : 6- 
dimethylpyrimidine in quantity. 

Isolation of Pyrimidines from Aqueous Solution.—The suggestion (Baker, Curtis, and 
Edwards, J., 1951, 83) that the crystalline molecular complexes formed by 2’-hydroxy- 
2:4:4:7:4'-pentamethylflavan with many amines (and certain ethers and ketones) 
might find application in the isolation and purification of these compounds was followed 
up. Pyrimidine and 4: 6-dimethylpyrimidine readily gave complexes of constitution, 
flavan : H,O: base = 2:2:1 and 2:1:1 respectively. 2-Methylpyrimidine, although 
not forming an adduct with this flavan, readily gave an anhydrous complex, 
CypHe,02 : C;HgN. = 2:1, with 2’-hydroxy-2 :4:4:6:5’-pentamethylflavan. (As with 
dioxan and morpholine, the bifunctional pyrimidine derivatives form complexes containing 
two mols. of flavan instead of the usual | : 1 adduct.) The pyrimidine derivatives can thus 
be extracted from dilute aqueous solution in high yield, and may be recovered in a very 
pure state by distillation of the complex. These flavan complexes possess many advantages 
over those with mercuric chloride and may prove valuable in the bulk preparation of pure 
pyrimidines. 

Bacteriological results are given in Table 2. 


EXPERIMENTAL 


M. p.s are uncorrected. Microanalyses are by Mr. W. M. Eno, Bristol, and Drs. Weiler and 
Strauss, Oxford. 

Preparation and Hydrolysis of 2: 4-Bisbenzenesulphonhydrazinopyrimidine.—2 : 4-Dichloro- 
pyrimidine (3-0 g.) and benzenesulphonhydrazide (10-8 g.; Lorenzen, J. pr. Chem., 1898, 58, 166) 
in ethanol (20 c.c.), when heated under reflux for 2 hours and then concentrated, gave a colourless 
product (6-9 g.), m. p. 219° (decomp.), which could not be recrystallised. The impure 2: 4- 
bisbenzenesulphonhydrazinopyrimidine (1-0 g.) was heated under reflux with a ten-fold excess of 
n-sodium hydroxide (50c.c.) for 1 hour. The initially red solution had then become yellow and 
evolution of nitrogen had ceased. The solution was distilled, about 35 c.c. of distillate being 
collected. This was treated with saturated aqueous mercuric chloride and the resulting 
pyrimidine—mercuric chloride complex (needles) collected (66%). 

2 : 4-Dihydrazinopyrimidine.—Hydrazine hydrate (8 c.c.; 100%) was slowly added to 
2 : 4-dichloropyrimidine (4-0 g.) in ethanol (25 c.c.), a vigorous exothermic reaction occurring. 
On cooling, the mixture solidified in small needles (1-4 g.). 2: 4-Dihydrazinopyrimidine formed 
prisms, m. p. 211—-212° (decomp.), from water (Found: C, 34-4; H, 5-8; N, 60-0. C,H,N, 
requires C, 34-3; H, 5-7; N, 60-0%), giving deeply coloured complexes with metal ions (nickel, 
iron, copper, etc.). 

Oxidation. 10% Aqueous copper sulphate (8-0 c.c.) was added dropwise to dihydrazino- 
pyrimidine (0-5 g.) in boiling water (5-0c.c.), and the dark brown solution was heated for a further 
30 minutes. After filtration, the solution was made alkaline with sodium hydroxide and distilled. 
The distillate gave only a few mg. of pyrimidine—mercuric chloride complex. 

Desulphurisation of 2: 4-Dithiouracil.—2 : 4-Dithiouracil (5-0 g.) was suspended in water 
(200 c.c.) at 50° and the pH adjusted to ca. 7 with sodium carbonate. Raney nickel (23 g.) 
was added and the mixture heated under reflux for 2 hours. After filtration, the pale yellow 
solution was distilled, giving an unpleasant smelling, strongly basic distillate which gave the 
pyrimidine—mercuric chloride complex as needles (17-2%). No trimethylenediamine was 
isolated (see Table 1). 

Desulphurisation of 2-Mercaptopyrimidine.—To 2-mercaptopyrimidine (0-5 g.), dissolved in 
warm water (50 c.c.) and ethanol (5 c.c.), Raney nickel (2 g.) was added and the mixture heated 
under reflux for 1} hours. The colour, which was bright green after addition of the nickel, 
gradually faded to pale yellow. After filtration, the solution was made alkaline and distilled, 
yielding a mercuric chloride complex, plates (0-7 g.). An X-ray powder photograph showed very 
slight differences from that of the pyrimidine—mercuric chloride complex (see Table 1). The 
possibility that a di- or tetra-hydropyrimidine had been formed was not further investigated. 

Isolation of a Reineckate from the Catalytic Reduction of 2: 4-Dichloropyrimidine.—This 
pyrimidine (2-0 g.) with palladium-strontium carbonate (2-0 g.) and sodium succinate (2-4 g.) 
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in ethanol (10 c.c.) was hydrogenated at 110 lb./sq.in. for 1} hours. No dichloropyrimidine 
then remained. After filtration the solution was acidified with dilute hydrochloric acid and 
treated with a saturated aqueous solution of Reinecke’s salt. The reineckate was precipitated 
as pink plates (3-1 g.), which crystallised from aqueous acetone as bright pink prisms, m. p 
284—286° (decomp.) (Found: C, 24-5; H, 3-9; N, 27-7; Cr, 15-6. Cy9H gN495,Cr requires C, 
24-7; H,3-9; N, 28-8; Cr, 16-3%). The base, which was not volatile in steam, was not investig- 
ated further 

2-Hydrazino-4 : 6-dimethylpyrimidine.—Hydrazine hydrate (3 c.c.; 100%) was slowly added 
to 2-chloro-4 : 6-dimethylpyrimidine (2-0 g.; Matsukawa and Ohta, J. Pharm. Soc. Japan, 
1949, 69, 491) in ethanol (25c.c.). The felted needles (88%) which formed were collected after 
2 hours. Recrystallisation from water gave 2-hydvazino-4 : 6-dimethylpyrimidine as needles, 
m. p. 165° (Found: C, 52-0; H, 7-4; N, 40-2. C,H, )N, requires C, 52-4; H, 7-25; N, 40-4%). 

Oxidation. 10% Aqueous copper sulphate (12-5 c.c.) was added dropwise to a boiling solution 
of 2-hydrazino-4 : 6-dimethylpyrimidine (0-5 g.) in water (10c.c.). Treatment as in the previous 
case gave 4 : 6-dimethylpyrimidine—mercuric chloride complex (62%). 

Optimum Conditions for the Desulphurisation of 2-Mercapto-4 : 6-dimethylpyrimidine.—A 
solution of 2-mercapto-4 : 6-dimethylpyrimidine hydrochloride (5-0 g.) in ethanol (100 c.c.) and 
concentrated hydrochloric acid (2-5 c.c.) was heated under reflux with Raney nickel (15 g.) for 
2 hours, then filtered and concentrated to ca. 10c.c. The residue was treated with solid sodium 
hydroxide and extracted withether. The ether was removed from the dried extract, leaving a 
yellow oil, b. p. 156—157°/746 mm. (54%). Angerstein (Ber., 1901, 34, 3956) reports b. p 
159-5°/754 mm. 

Desulphurisation in neutral methanol was unsuccessful owing to the formation of an orange 
nickel complex from 1 atom of nickel and 2 molecules of the 2-mercapto-compound with the 
loss of 2 hydrogen atoms [Found: C, 42-4; H, 4-1; N, 17-0; Ni, 17-7 (dimethylglyoxime), 
17-3 (residue from C and H determination). Calc. forC,,H,,N,S,Ni: C, 42-8; H,4-2; N, 16-65; 
Ni, 17-5%]. The compound was soluble in methanolic ammonia, giving a greenish-blue solution, 
and insoluble in sodium hydroxide. This complex has been briefly described by Jensen and 
Rancke-Madsen (Z. anorg. Chem., 1934, 219, 243). 

Catalytic Reduction of 2-Chloro-4 : 6-dimethylpyrimidine.—Palladium-—charcoal (15 g.; 2-5%) 
and sodium acetate (15 g.) were added to a solution of 2-chloro-4 : 6-dimethylpyrimidine (15 g.) 
in ethanol (150 c.c.). The mixture was hydrogenated at 100 lb./sq. in. for 7 hours. After 
filtration, the solution was made alkaline with sodium hydroxide and the ethanol removed by 
distillation. The residue was extracted with ether (4 x 100c.c.) and the extract dried. Distilla- 
tion gave 4 : 6-dimethylpyrimidine (58%) as a colourless oil, m. p. ca. 0°. 

Cupric Chloride—4 : 6-Dimethylpyrimidine Complex.—A solution of anhydrous cupric chloride 
(0-7 g.) in ethanol (5 c.c.) was added to pure 4: 6-dimethylpyrimidine (1-0 g.). A mauve 
precipitate was immediately formed (1-1 g.). Recrystallisation from ethanol gave the complex as 
violet needles [Found : C, 41-0; H, 4-7; N, 15-9; Cl, 20-0. (C,H,N,),CuCl, requires C, 41-15; 
H, 4-6; N, 16-0; Cl, 20-39%]. Attempts to form insoluble complexes from the dimethylpyr- 
imidine and aqueous flavianic acid, picric acid, oxalic acid, and 2: 4: 7-trinitrofluorenone were 
unsuccessful. 

Preparation of Pyrimidine—Flavan Complexes (with Dr. R. F. Curtis).—With 2’-hydroxy- 
2:4:4:7:4'-pentamethylflavan. (a) A dilute (ca. 10%) aqueous solution of pyrimidine 
was shaken with a solution of the flavan in light petroleum (b. p. 40—60°) for 1 hour and 
set aside at 0° for 12 hours. The crystalline complex was collected and recrystallised from light 
petroleum (b. p. 40—60°) and a drop each of ethanol and water as thick, almost rectangular 
prisms, m. p. 80—82° (decomp.; sealed tube) [Found: C, 74:9; H, 7:7; N, 3-4. 
(Cop H.4O2)2,2H,O,CgH,N, requires C, 74-6; H, 7-9; N, 3-95%]. No complex was obtained 
in the absence of water. 

(b) The flavan (1-0 g.) in light petroleum (b. p. 60—80°) (10 c.c.) was treated with impure 
4: 6-dimethylpyrimidine (0-5 c.c.) and seeded after filtration. Tiny colourless rhombs separated 
immediately (1-12 g.). One recrystallisation gave the pure complex, m. p. 105—107° (decomp.) 
[Found : C, 77-0; H, 7-7; N, 4:0. (Cy 9H,,O,),,H,0O,C,H,N, requires C, 76-9; H, 8-1; N, 3-9%]. 

2-Methylpyrimidine with 2’-hydroxy-2 : 4:4: 6: 5’-pentamethylflavan. A crystalline complex 
separated immediately from light petroleum (b. p. 40—60°). Recrystallisation from the same 
solvent gave large rhombs, m. p. 94—96° (decomp.) [Found: C, 78-7; H, 7:7; N, 3-7. 
(CopH,O02)2,C5H,N, requires C, 78-7; H, 7-9; N,4:1%]. The authors are indebted to Dr. E. C. 
Kornfeld for a generous gift of 2-methylpyrimidine. 

(4 : 6-Dimethyl-2-pyrimidylthio)acetic Acid.—To 2-mercapto-4 : 6-dimethylpyrimidine (1-0 g.) 
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in aqueous sodium hydroxide (0-6 g. in 3-0 c.c.), chloroacetic acid (0-7 g.) in water (1-0 c.c.) which 
had been neutralised with sodium carbonate was added dropwise. Next day, acidification with 
dilute hydrochloric acid gave (4: 6-dimethyl-2-pyrimidylthio)acetic acid as prismatic needles, 
m. p. 112—113° (0-7 g. crude) after recrystallisation from water (Found: C, 45-0; H, 5-4; 
N, 13-3; S, 14-7. C,H, 9N,O,5,H,O requires C, 44-5; H, 5-55; N, 13-0; S, 14-8). 

(4 : 6-Dihydroxy-2-pyrimidylthio)acetic Acid.—This compound, prepared from 4: 6-dihydroxy- 
2-mercaptopyrimidine as described above, crystallised from water as needles, m. p. 205° (decomp.) 
(Found: C, 36-0; H, 3-2; N, 14-2. C,H,N,O,S requires C, 35-7; H, 3-0; N, 13-85%). 


The authors express their gratitude to Dr. I. S. Loupekine for the X-ray powder photographs, 
and the Department of Scientific and Industrial Research for a Maintenance Grant to one of 
them (M. P. V. B.). The bacteriological tests were carried out by Professor K. E. Cooper and 
Dr. C. S. Shaw of Canynge Hall, Bristol. 


THE UNIVERSITY, BRISTOL. Received, July 2\st, 1952 


916. The Reactions of Highly Fluorinated Organic Compounds. Part 
I1.* Reactions of Perfluorodicyclohexyl and _ Perfluoro(isopropyl- 
cyclohexane). 

By G. B. BARLow and J. C. TATLow. 


Perfluorodicyclohexyl and chlorine or bromine at 600—650° give, princip 
ally, chloro- or bromo-undecafluorocyclohexane, respectively. With toluene 
at about 650° perfluorodicyclohexy] gives undecafluorocyclohexaneand dibenzy| 
Perfluoro(methylcyclohexane), perfluoro(ethylcyclohexane), and _ perfluoro- 
(1 : 2-dicyclohexylethane) do not react in similar processes at these temper- 
atures, whereas perfluoro(isopropyleyclohexane) gives undecafluorocyclohexane 
with toluene, and bromoundecafluorocyclohexane with bromine. It appears 
that, at 600—650°, C-C bonds between certain tertiary carbon atoms in 
fluorocarbon structures undergo homolysis, whereas C-C bonds involving 
primary and secondary carbon atoms split appreciably only at higher 
temperatures. Bromoundecafluorocyclohexane gives undecafluorocyclohexane 
with lithium aluminium hydride in ethereal solution. 


SATURATED fluorocarbons have been extensively investigated in racent years [for summaries 
of fluorocarbon properties, see Grosse and Cady, Ind. Eng. Chem., 1947, 39, 367; Fowler 
et al., ibtd., p. 375; Brice, ‘‘ Fluorine Chemistry,’’ Vol. I (ed., Simons), Academic Press Inc., 
New York, 1950, p. 423]; they are very stable substances and so far no examples have been 
reported of their participation in chemical reactions of the usual types. 

Although the C-F bonds in fluorocarbons are resistant to chemical attack, it seemed 
possible that investigations of reactions at the C-C bonds might be more profitable. A 
few reactions of this type involving the simpler fluorocarbons have been investigated 
recently by Simons and his co-workers. For instance, hexafluoroethane reacts with 
chlorine or bromine at 900° to give chloro- and bromo-trifluoromethane respectively, octa- 
fluoropropane with bromine at 850° gives bromotrifluoromethane, and perfluoropentane 
and chlorine at 800° give a mixture of chlorotrifluoromethane, dichlorodifluoromethane, 
chloropentafluoroethane, and chlorononafluorobutane (Brice, Pearlson, and Simons, 
J. Amer. Chem. Soc., 1949; 71, 2499). From the reactions of hydrogen at about 800° with 
octafluoropropane, decafluorobutane, or mixed cyclo-C,F,, isomers, fluoroform, difluoro 
methane, and pentafluoroethane are obtained (James, Pearlson, and Simons, ibid., 1950, 72, 
1761); also pyrolysis of perfluoro-u-pentane on a platinum filament at 900—1300° gives a 
mixture of shorter-chain fluorocarbons (Rogers and Cady, tbid., 1951, 73, 3523). 

In our investigations we hoped to effect cleavage of certain types of bonds preferentially, 
and thereby to avoid extensive breakdown of the structures. It was thought possible that 
bonds between carbon atoms at which chain-branching occurred might be broken most 


* Part I, J., 1952, 1251. The sub-title of Part I should read: ‘‘ The Prepaiation and Reactions of 
Some Perfluorinated Chlorocyclohexanes.”’ 
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readily. Accordingly, the first experiments were conducted upon perfluorodicyclohexyl 
(I) (Barbour, Barlow, and Tatlow, J. Appl. Chem., 1952, 2, 127), in which it was hoped to 
cleave the molecule between the two cyclohexane rings. 


CFyF,C\ Fy FC /C¥F FC, 
(I) FC CFF _ CF F,C. 


CF-CF(CF;), (11) 
CF,F,C 


\ CF,F,C% 

When perfluorodicyclohexyl (I) and excess of chlorine were passed through a tube 
heated to about 650°, reaction occurred, and fractionation of the products gave an appreci- 
able yield of chloroundecafluorocyclohexane identical with that prepared by fluorination of 
chlorobenzene (Tatlow and Worthington, /., 1952, 1251). At temperatures much lower 
than 650° there was no reaction, whereas above 700° more extensive breakdown occurred 
giving short-chain fragments. Perfluorodicyclohexyl reacted similarly with bromine, the 
optimum temperature in this case being just below 600°, yielding bromoundecafluorocyclo- 
hexane (Brice and Simons, J. Amer. Chem. Soc., 1951, 73, 4016). The reactions of per- 
fluorodicyclohexy! with iodine, with hydrogen, and with nitric oxide were also investigated. 
In the first case a fraction was obtained which may have been impure undecafluorocyclo- 
hexane, but the products from all three reactions were complex mixtures boiling over wide 
ranges, and from which pure components could not be isolated. It appeared that, in these 
cases, there was extensive cleavage of other C-C links under any conditions which resulted 
in the splittin ‘ of the central C-C bond. 

Since only very slight dissociation of chlorine or bromine molecules into atoms occurs 
at 600—700°, it was thought that the reactions of pe rfluorodicyc lohexyl with these reagents 
might be initiated by the splitting, presumably homolytic, of the fluorocarbon molecule. 
Strong evidence in support of this was obtained when the fluorocarbon (I) was treated with 
toluene at ca. 650°. Reaction of atoms or radicals with toluene molecules, with the 
abstraction of hydrogen atoms from the side chains and subsequent dimerisation of the 
residual, fairly stable benzyl radicals to give dibenzyl, has been used extensively by Szwarc; 
bond dissociation energies have been measured thus for various types of compounds 
Szwarc, Chem. Reviews, 1950, 47, 75; Szwarc and Sehon, J. Chem. Phys., 1951, 19, 656). 
Toluene, when passed through the reaction tube at 650—700°, was recovered unchanged, 
but a mixture of perfluorodicyclohexyl and excess of toluene, at 640—660°, gave undeca- 
fluorocyclohexane and dibenzyl. From the product of the reaction of the fluorocarbon with 
an equimolecular proportion of toluene there were isolated undecafluorocyclohexane and 
stilbene. The formation of the latter is to be expected, in the absence of an excess of 
toluene. 

These reactions indicate that, if Szwarc’s toluene carrier-gas technique is as applicable 
in fluorocarbon chemistry as it is to fission of other types of bonds, homolysis of 
the C-C bond between the rings of the perfluorodicyclohexyl molecule takes place at 600— 
650°, and apparently occurs more readily than does cleavage of the other bonds in the mole- 
cule. This suggests that, in general, some types at least of bonds between two tertiary 
carbon atoms are more readily broken than bonds involving primary and secondary carbon 
atoms. 

Support for this hypothesis was found in the’ reactions of other fluorocarbons. 
Perfluoro-(methyleyclohexane), -(ethyleyclohexane), and -(1 : 2-dicyclohexylethane) did 
not react with toluene at about 650°. However, the new fluorocarbon perfluoro(:sopropyl- 
cyclohexane) (II) reacted with toluene in a similar process and, though a more complex 
mixture resulted than in the case of perfluorodicyclohexyl, some undecafluorocyclohexane 
was isolated, together with dibenzyl. There was also a gaseous product, probably hepta- 
fluoropropane. It appeared that the presence of traces of impurities in the toluene adversely 
affected this reaction. With bromine at 600°, perfluoro(tsopropyleyclohexane) (II) gave 
bromoundecafluorocyclohexane and a low-boiling product, probably 2-bromoheptafluoro- 
propane. The former product resembled chloroundecafluorocyclohexane in that with 
ethereal lithium aluminium hydride it gave undecafluorocyclohexane (see Part I, loc. cit.). 

These reactions of fluorocarbons show that there are differences in stability between 
various types of C-C bonds in such compounds. Certain bonds between two tertiary 
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carbon atoms break at ca. 650° and are more reactive than bonds between carbon atoms one 
or both of which are linked to fewer than three other carbon atoms (Simons and his co- 
workers, locc. cit., used temperatures of 800—900° to split C-C bonds between primary or 
secondary carbon atoms of short-chain fluorocarbons). 

It is hoped to extend the investigation to various types of fluorocarbons including those 
possessing quaternary carbon atoms. Already we have found that the bond between the 
tertiary carbons in perfluoro-(1-methyl-4-isopropylcyclohexane) is susceptible to this type 
of reaction, whereas that in perfluoro-(1 : 2-dimethylcyclohexane) is not. The reactivity of 
a bond obviously will depend to an appreciable extent on the structure of the molecule as a 
whole; in the latter fluorocarbon, for instance, both tertiary carbon atoms are in the same 
six-membered ring, rupture of which may well be difficult. 

Reactions of C-C bonds in fluorocarbons are of considerable interest, not only as synthetic 
processes but also because they may well yield fundamental information upon fluorocarbon 
bond strengths and radical-type reactions. A number of fluorinated compounds can 
readily be prepared by the use of such reactions, and this would represent a novel use for 
the chemically stable fluorocarbons. 


EXPERIMENTAL 

Preparation of Fluorocarbons.—(a) Perfluorodicyclohexyl. Prepared as described by Barbour, 
Barlow, and Tatlow (loc. cit.), this compound, after purification by sublimation in vacuo and 
recrystallisation from light petroleum (b. p. 60—80°), had m. p. 75°, b. p. 179°. 

(b) Perfluoro(isopropylcyclohexane). Cumene (65 g.; input rate 26-0 g./hr.) was passed into 
the cobalt trifluoride reactor, kept at 300—320°. After completion of the addition, the apparatus 
was swept out with nitrogen, and the product was poured into ice-water, separated, washed with 
water, and dried (Na,CO,). The combined products from four such experiments were frac- 
tionated through a 1’ column to give, after removal of decomposition products, perfluoro(iso- 
propylcyclohexane) (320 g.), b. p. 124-3—125-2°/749 mm., nj} 1-302 (Found: F, 75-2%; M, 443. 
C,F,., requires F, 76-0%; M, 450). 

(c) Perfluoro-(methylcyclohexane), -(ethylcyclohexane), and -(dicyclohexylethane). Perfluoro- 
ethvlcyclohexane (cf. Haszeldine and Smith, J., 1950, 2689), b. p. 101°, nj? 1-289 (Found: F, 
75-99%; M,403. Calc. forC,F,,: F, 76-0%; M, 400), perfluoromethylcyclohexane (cf. Fowler 
et al., Ind. Eng. Chem., 1947, 39, 292), b. p. 76-0°, nf 1-285, and perfluoro-(1 : 2-dicyclohexyl- 
ethane) (cf. Barbour, Barlow, and Tatlow, loc. cit.), m. p. 71—72°, b. p. 208°, were prepared by 
the method described above (yields 54, 70, and 66%, respectively). 

Apparatus for carrying out High-temperature Reactions of Fluorocarbons.—The apparatus 
comprised a vertical Pyrex-glass tube [70 cm. long (heated section); 2-5 cm. diam.] fitted with 
an electrical heating-jacket which gave a uniform temperature. Down the centre of the tube 
there was a coaxial glass tube in which a chromel-alumel thermocouple could be inserted, 
enabling temperature readings to be taken along the length of the heated section of the reaction 
tube. The free space in the latter was packed with short lengths of small-bore Pyrex tube. 
Reactants were fed into the top of the tube at constant rates and the products were collected in 
traps cooled by solid carbon dioxide—alcohol. 

Toluene (input rates up to 50 g./hr.) when passed through this tube at temperatures of 700 
or below was recovered unchanged; handling losses were small, and no solid residue remained 
after distillation. 

Reaction of Perfluorodicyclohexyl with Toluene.—Perfluorodicyclohexyl (40-0 g.; input rate 
25-0 g./hr.) and toluene (132 g.; input rate 82-5 g./hr.) were passed simultaneously into the 
reaction tube kept at 645—660°. The crude product from the trap was fractionated through a 
1’ column to give, after removal of breakdown products, undecafluorocyvclohexane (13-2 g.), b. p 
62-4—-63-4°, m. p. and mixed m. p. 48° (Found: F, 74-8. Calc. for CgHF,,: F, 74:1% 
Tatlow and Worthington (Joc. cit.) gave b. p. 63-0—63-5°, m. p. 46—48°. 

Further distillation of the crude product, after removal of a small intermediate fraction 
gave toluene (113 g.), b. p. 11O—111°, then a trace of unchanged perfluorodicyclohexyl, m. p. 75’, 
leaving a solid residue, which after three recrystallisations from ethyl alcohol gave dibenzy| 

, m. p. and mixed m. p. 53° (Found: C, 92-3; H, 7-5. Calc. for C,,H,,: C, 92-3; H, 


An experiment with a toluene input rate of 9-15 g./hr. gave undecafluorocyclohexane (9-8 g.) 
and, from the still residue, after three recrystallisations from light petroleum (b. p. 60—80°), 
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stilbene (1-0 g.), m. p. and mixed m. p. 123—124° (Found: C, 93-2; H, 6-9. Calc. for C,,H,,: 
C, 93-3; H, 6-7%), characterised as its dibromide, m. p. 235° (Found: C, 49-5; H, 3-5; Br, 
46-8. Calc. for C,,H,,.Br,: C, 49-4; H, 3-6; Br, 47-0%), for which Wislicenus and Seeler (Ber., 
1895, 28, 2693) recorded m. p. 237°. 

Reactions of Perfluorodicyclohexyl with Chlorine and Bromine (with R. E. WortTHINGTON).— 
Perfluorodicyclohexyl (88-0 g.; input rate 25-0 g./hr.) was passed through the tube at 650°, 
together with a stream of chlorine (51./hr.). The crude product was washed with aqueous sodium 
hydroxide, then with water, and dried (P,O,). Distillation through a 1’ column gave breakdown 
products (17-0 g.), b. p. 50—78-4°, and then chloroundecafluorocyclohexane (39-7 g.), b. p. 
78-4—78-6°, m. p. 28°, mixed m. p. with a specimen (m. p. 31°) prepared by Tatlow and 
Worthington (loc. cit.) 31° (Found: F, 66-3%; M, 323. Calc. for C,CIF,,: F, 66-:0%; M, 
316-5) 

At 585—595°, perfluorodicyclohexy] (40-0 g.; input rate 25-0 g./hr.) and bromine (13-5 g.) 
in nitrogen (4-5 1./hr.) gave decomposition products (2-5 g.), b. p. 89-5—91-8°, and bromo- 
undecafluorocyclohexane (18-6 g.), b. p. 91-8—92-5°, nj? 1:3300 (Found: C, 20-0; F, 581%; 
M, 342. Calc. for C,BrF,,: C, 20-0; F, 57-99%; M, 361). Brice and Simons (loc. cit.) 
recorded b. p. 90—92°, ni} 1-3205. 

Reactions of Perfluorodicyclohexyl with Hydrogen, Iodine, and Nitric Oxide.—These reactions 
were carried out under the general conditions described above. From the reactions with hydro- 
gen at 575° and above, complex mixtures, b. p. <82°, were obtained. There were indications 
of flats on the distillation curves at 61—62°, but a pure fraction could not be obtained. With 
iodine at 550—600°, perfluorodicyclohexyl gave a mixture of iodine-containing fragmentation 
products. Nitric oxide and perfluorodicyclohexyl at 580—600° gave complex mixtures (b. p. 

100°) from which no pure compounds could be isolated. 

Reaction of Perfluoro(isopropyicyclohexane) with Toluene.—The fluorocarbon (38-4 g.; input 
rate 21-0 g./hr.) and toluene (121 g.; 66-0 g./hr.) were passed into the tube at 650—670°. The 
crude product from the trap was fractionated as before. There was a low-boiling product (b. p. 
below 10°), probably heptafluoropropane, and after removal of breakdown products undeca- 
fluorocyclohexane was obtained. The fraction was not completely pure, there being a gradual 
rise in the b. p. during the distillation. The central cut (4-0 g.), b. p. 62—64°, was rather low- 
melting, but when cooled in ice left only a small residue of liquid. This was removed, and the 
residual solid sublimed to give the pure product, m. p. 48°. Further distillation of the original 
crude product gave toluene, unchanged fluorocarbon (ca. 1 g.), and a solid residue. After two 
recrystallisations from ethyl alcohol this afforded dibenzyl (7-4 g.), m. p. and mixed m. p. 
5§3—54°. 

Reaction of Perfluoro(isopropylcyclohexane) with Bromine.—At 590—600° this fluorocarbon 
28-8 g.; input rate 16-1 g./hr.) with bromine (15-5 g.), introduced in a stream of nitrogen (4-5 
1. /hr.), gave a colourless liquid, probably 2-bromoheptafluoropropane (7-0 g.), b. p. 14-2—14-6°, 
and bromoundecafluorocyclohexane (9-6 g.), b. p. 92-0—92-3°, nj 1-328 (Found: M, 366. Calc. 
for C,BrF,,: M, 361), identical with the material mentioned previously. 

Treatment of Bromoundecafluorocyclohexane with Lithium Aluminium Hydride.—The bromo- 
compound (36-1 g.) in dry ether (10 c.c.) was added slowly to a stirred suspension of lithium 
aluminium hydride (3-2 g.) in ether (50 c.c.), a spontaneous reaction occurring. After being 
refluxed for 1 hour the mixture was treated with water, then dilute sulphuric acid, and the 
ethereal layer was separated, washed, dried (P,O;), filtered, and fractionated in a 1’ column to 
give undecafluorocyclohexane (4-2 g.), b. p. 62—63°, m. p. 45—47°, identical with the other 
specimens 

Attempted Reactions with Perfluoro-(methylcyclohexane), -(ethylcyclohexane), and -(1 : 2-di- 
cvclohexvlethane).—These fluorocarbons, if treated with toluene at or below 670°, were recovered 
unchanged, and no dibenzyl was found in the products. At 700° with perfluoro-(1 : 2-dicyclo- 
hexylethane) there was evidence of slight reaction; a little low-boiling product but no dibenzyl 
was formed, most of the fluorocarbon being recovered unchanged. 


The authors thank Professor M. Stacey, F.R.S., for his interest in this work, and the Depart- 
ment of Scientific and Industrial Research for a grant in support of it. 
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917. The Condensation of 2: 3-Dichloro-\ : 4-naphthaquinone with 
a-Naphthols. 
By No. Px. Buvu-Hoi and P. DEMERSEMAN. 
a-Naphthol and 2: 3-dichloro-1:4-naphthaquinone give dinaphtho- 
(2’: 3’-2: 3)(1” : 2-5: 4)furan-l’ : 4’-quinone, and the reaction has been 
extended to a number of 4-substituted l-naphthols. Some alkylation and 
arylalkylation reactions of «-naphthol have been investigated. 


E1stert (Ber., 1944, 80, 52) found that 2: 3-dichloro-] : 4-naphthaquinone (I) reacted 
with §-naphthol in pyridine, giving dinaphtho(2’ : 3’-2 : 3)(1" : 2’-4: 5)furan-I’ : 4’- 
quinone, and one of us showed this cyclisation reaction to be characteristic of 
2-naphthols having the adjacent «-position free (Buu-Hoi, /., 1952, 489). The reaction 
of 2: 3-dichloro-1 :4-naphthaquinone with l-naphthols has now been investigated. 
a-Naphthol reacted readily with one mol. of the quinone (I), to yield a yellow substance 
which gave with sulphuric acid a bluish colour reminiscent of that displayed by dinaphtho- 
(2’ : 3’-2.: 3)(1" : 2”-4:: 5)furan-l’ : 4’-quinone; this fact and the analytical results showed 
that this substance was the isomeric dinaphtho(2’ : 3’-2:3)(1” :2”-5:4)furan-l’ : 4’ 
quinone (II). 


For testing the generality of this reaction, some substituted l-naphthols were required. 
Whereas such reactions have been repeatedly studied with 8-naphthol (see Price, ‘‘ Organic 
Reactions,’ 1946, Vol. III, New York, p. 1; Contractor, Peters, and Rowe, /., 1949, 
1993; Buu-Hoi et al., J. Org. Chem., 1950, 15, 1060; 1951, 16, 185, 988), little has been 
recorded for «-naphthol, mostly benzylation. 4-Benzyl-l-naphthol, first obtained by 
Bakunin and Barberio (Gazzetta, 1903, 33, II, 470), was conveniently prepared by 
Dziewohski and Dziecielewski’s method (Bull. Intern. Acad. Polon., 1927, A, 275), con- 
densing «-naphthol with benzyl chloride in the presence of zinc chloride in chloroform ; 
repetition yielded, in addition to 4-benzyl-l-naphthol, a dibenzyl-l-naphthol in which 
one benzyl group was evidently in the position 4 as the compound was also obtained from 
4-benzyl-l-naphthol. 
4-Benzyl-l-naphthol and 2 : 3-dichloro-1 : 4-naphthaquinone gave 4’’-benzyldinaphtho- 
2’ : 3’-2.: 3)(1" : 2-5 : 4)furan-1’ : 4’-quinone, a substance of properties similar to the 
non-substituted quinone; 2-benzyl- and 2-allyl-l-naphthol, on the other hand, failed to 
give that reaction. 

Condensation of a-naphthol with f-methylbenzyl chloride gave a monosubstituted 
and a disubstituted product. The former must be 4-f-methylbenzyl-l-naphthol, as it 
reacted with (I) to give a brasanquinone, probably 4’’-p-methylbenzyldinaphtho(2’ : 3’- 
2:3)(1" : 2-5: 4)furan-1’: 4’-quinone; the disubstituted product was a 4: x-di-f- 
methylbenzyl-l-naphthol. Alkylation of a-naphthol with fert.-butyl bromide in con- 
ditions similar to the para-benzylation yielded a liquid monosubstituted product, which 
was certainly not the ortho-compound as it gave with (I) a brasanquinone [possibly 4’’- 
tert.-butyldinaphtho(2’ : 3’-2 : 3)(1” : 2-5: 4)furan-1’ : 4’-quinone], and a 


disubstituted 
product, possibly 4 : x-di-tert.-butyl-1-naphthol. 


EXPERIMENTAL 


Dinaphtho(2’ : 3’-2 : 3)(1"" : 2-4: 5)furan-1’ : 4’-quinone (II).—A solution of «-naphthol 
(1-5 g.) and 2: 3-dichloro-1 : 4-naphthaquinone (2-3 g.) (Ullmann and Ettisch, Ber., 1921, 54, 
259) in anhydrous pyridine (15 c.c.) was gently refluxed for 12 hours; the precipitated product 
(3 g.) obtained on dilution with methanol crystallised from toluene as golden-yellow, sublimable 





4700 Fairfull, Peak, Short, and Watkins : 


needles, m. p. 231°, which distilled in vacuo without decomposition and gave an intense blue 
colour with sulphuric acid (Found: C, 80-4; H, 3-3. C,.9H,9O, requires C, 80-5; H, 3-4%). 

Benzylation of «-Naphthol.—To a-naphthol (159 g.) and freshly fused powdered zinc chloride 
(150 g.) in dry chloroform (500 c.c.), redistilled benzyl chloride (126 g.) was added in small 
portions; when the spontaneous boiling had subsided, gentle refluxing was applied for 2 hours. 
The cooled mixture was shaken with water, and the chloroform layer washed with dilute hydro- 
chloric acid, then with water, and dried (CaCl,); after evaporation, the residue was vacuum- 
fractionated, giving, apart from 4-benzyl-l-naphthol, b. p. 242°/11 mm., m. p. 125° (Dziewofski 
and Dziecielewski, loc. cit.), 4: x-dibenzyl-l-naphthol (30 g.), b. p. 303—305°/11 mm., leaflets 
(from cyclohexane), m. p. 117° (Found : C, 88-6; H, 6-4. C,,H. O requires C, 88-9; H, 6-2%). 
For comparison, benzyl 4-benzyl-l-naphihyl ether was prepared from the sodio-derivative of 
4-benzyl-l-naphthol and benzyl! chloride in aqueous medium, and was a pale yellow, viscous 
oil, b. p. 292—294°/11 mm. (Found: C, 88-8; H, 6-5%). 

4”’-Benzyldinaphtho(2’ : 3’-2 : 3)(1 : 2-5: 4)furan-l’ : 4’-quinone.—Prepared as was the non- 
substituted product from 4-benzyl-l-naphthol (2-3 g.) and the quinone (J) (2-3 g.) in pyridine, 
this furan formed from benzene golden-vellow needles (3-2 g.), m. p. 265°, giving a blue-violet 
colour with sulphuric acid (Found: C, 83-2; H, 4:2. C,,H,,O, requires C, 83-5; H, 4-1%). 

Condensation of a-Naphthol with p-Methylbenzyl Chloride.—a-Naphtiuol (60 g.), p-methyl- 
benzyl chloride (50 g.), and zinc chloride (80 g.) in chloroform (150 c.c.) gave 4-p-methylbenzyl- 
l-naphthol (80%), b. p. 251°/11 mm., prisms (from cyclohexane), m. p. 132° (Found: C, 87-0; 
H, 6-8. C,,H,,O requires C, 87-1; H, 65%), and 4: x-dt-p-methylbenzyl-1-naphthol, b. p. 
308—310°/11 mm., leaflets (from cyclohexane), m. p. 144° (Found: C, 88-4; H, 6-8. C,,H,,O 
requires C, 88-6; H, 68%). 

4’’-p-Methylbenzyldinaphtho(2’ : 3’-2 : 3)(1” : 2”-5: 4)furan-1’ : 4’-quinone formed from 
benzene golden-yellow prisms, m. p. 241°, giving a blue-violet colour with sulphuric acid (Found : 
C, 83-3; H, 4-6. C,,H,,O, requires C, 83-6; H, 45%). 

tert.-Butylation of «-Naphthol._—a-Naphthol (160 g.), tert.-butyl bromide (140 g.), and zinc 
chloride (140 g.) in chloroform (500 c.c.) were gently refluxed for 2 hours. The usual treatment 
yielded after repeated vacuum-fractionation a liquid tert.-butyl-l-naphthol (30 g.), b. p. 160°/2 
mm., 2? 1-5905 (Found: C, 84-2; H, 8-2. C,,H,,O requires C, 84-0; H, 8-0%), and a solid 
di-tert.-butyl-1-naphthol (30 g.), b. p. 190—192°/2 mm., needles (from cyclohexane), m. p. 145° 
(Found: C, 84:3; H, 9-5. C,,H,,O requires C, 84-4; H, 9-4%). 

4’’(?)-tert.-Butyldinaphtho(2’ : 3’-2 : 3)(1 : 2-5: 4)furan-l’: 4’-quinone_ crystallised from 
benzene as golden-yellow, sublimable needles, m. p. 233°, giving a blue-violet colour with 
sulphuric acid (Found: C, 81-3; H, 5-0. C,,H,,0, requires C, 81-4; H, 5-1%). 

DEPARTMENT OF ORGANIC CHEMISTRY, 

THE Rapium INSTITUTE, UNIVERSITY OF PARIS. (Received, August 12th, 1952.) 


918. Some Derivatives of 1:6-Diazapyrene and 4: 5-6: 7-Dibenzo- 
] : 3-diazacyclohepta-2 : 4 : 6-triene. 
By A. E. S. FarrFutit, D. A. PEAK, W. F. SHort, and T. I. WATKINs. 
Methods for the synthesis of 2 : 7-diaryl-1 : 6-diazapyrene (I) and certain of 
its functional derivatives have been developed. A new method for the prepar- 
ation of 4: 5-6: 7-dibenzo-1 : 3-diazacyclohepta-2 : 4 : 6-trienes is described, 


- 


and the fission of the 7-membered ring by methylating agents is recorded. 


THE importance of phenanthridinium compounds in the treatment of trypanosomiasis 
suggested the desirability of preparing some compounds in which diphenyl is fused with 
two pyridine nuclei, and we now describe the synthesis of a number of com- 

pounds of this type derived from 2 : 7-diaryl-1 : 6-diazapyrene (I). 
The first synthesis started from 2: 2’-diaminodiphenyl and involved 
KAN ye elaboration of the pyridine nuclei by successive ring closures of the Bischler- 
Napieralski type, one amino-group being suitably protected during the pro- 
duction of the intermediate phenanthridine (III). A carbethoxy-group was 
found to be unsuitable for the protection of the amino-group, no phenanthridine 
being obtained by the action of phosphoryl chloride on 2-benzamido-2’-carbethoxyamino- 
diphenyl which was prepared from 2-amino-2’-benzamidodiphenyl (Sako, Mem. Coll. Eng. 


(I) 
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Kyushu, 1932, 6, 263), ethyl chloroformate, and diethylaniline in alcohol. Suitable pro- 
tection was afforded in a number of cases by a phthaloyl group. Thus, 2-amino-2’-phthal- 
imidodiphenyl (Sako, Joc. cit.) was converted into 2-benzamido-2’-phthalimidodiphenyl 
{Il; Ar = Ph, R, = (CO),C,H,] which afforded 9-pheny]-5-phthalimidophenanthridine 
(111; Ar = Ph, Rg = (CO),C,H,] (62%) when boiled with phosphoryl] chloride and nitro- 
benzene. The phthaloyl group was removed, best by the action of hydrazine, and the 
resulting 5-amino-9-phenylphenanthridine (IV; Ar = Ph) was successively benzoylated 
and treated with phosphoryl chloride, giving 2 : 7-diphenyl-1 : 6-diazapyrene (1; Ar = 
Ph) (76%). A similar series of operations, p-nitrobenzoyl chloride being used at the appro- 
priate stages, gave 2 : 7-di-p-nitrophenyl-1 : 6-diazapyrene (I; Ar = p-NO,°C,H,). The 
two insoluble diazapyrenes were converted successively into the water-soluble bismetho- 
methylsulphates and dimethobromides. Reduction of 2 : 7-di-p-nitrophenyl-1 : 6-diaza- 
pyrene dimethobromide with iron powder in faintly acid solution gave 2 : 7-di-p-amino- 
phenyl-1 : 6-diazapyrene dimethobromide, isolated as its hydrobromide dihydrate. 


C,HyNH-COAr _ CH-N _. C,H,—N ArCO C,H,—N 


R,N-C,H, R,N-C,H,—CAr NH,C,H,—CAr NH—C,H,—CAr © 
(11) (111) (IV) (V) 


— (I) 


In an attempt to prepare 4: 9-diamino-2 : 6-diazapyrene, 2 : 2’-dinitrobenzidine 
(Tauber, Ber., 1890, 23, 795) was converted successively into 4 : 4’-biscarbethoxyamino- 
2 : 2’-dinitrodiphenyl (Le Févre and Turner, /J., 1928, 252), 2 : 2’-diamino-4 : 4’-biscarb- 
ethoxyaminodiphenyl, 2-amino-4 : 4’-biscarbethoxyamino-2’-phthalimidodiphenyl, and 2- 
benzamido-4 : 4’-biscarbethoxyamino-2’-phthalimidodiphenyl, but the latter did not 
yield a phenanthridine. The required compounds were readily obtained by con- 
densing 2-chloro-3 : 5-dinitrobenzoyl chloride with an aromatic compound to give a 2- 
chloro-3 : 5-dinitrobenzophenone (VI) (cf. Ullmann and Engi, Amnalen, 1909, 366, 82), and 
converting this by the action of copper powder into a 2 : 2’-diaroyl-4 : 4’ : 6 : 6’-tetranitro 
diphenyl (VII) which underwent simultaneous reduction and ring closure when treated 
with stannous chloride. The resulting 4 : 9-diamino-2 : 7-diaryl-1 : 6-diazapyrenes (VIII; 
R = H, f-Me, p-Cl, #-OMe) were converted into soluble methosalts by successive acetyl- 
ation, quaternisation, and hydrolysis. 

A small amount of 2 : 4-dinitroxanthone was produced during the preparation of 2- 
chloro-4’-methoxy-3 : 5-dinitrobenzophenone from 2-chloro-3 : 5-dinitrobenzoyl chloride 
and anisole. This was probably formed by demethylation of anisole, and condensation of 
phenol with the acid chloride to give 2-chloro-2’-hydroxy-3 : 5-dinitrobenzophenone, which 
then lost hydrogen chloride to give the xanthone. 


NO, GO-CeHyR 


C,H,R 
mo wt Nx ce ee: 
no< >< _ NOs NHC << _SNH, 


4 


CO-C,H,R R-C,H,-CO O,N x 


R-C,H, 
(VI) (VII) (VIIT) 


2 : 2’-Diamino-4 : 4’-dinitrodiphenyl, prepared by hydrolysing a nitration product of 
2 : 2’-succinimidodiphenyl (Sako, loc. cit.), was converted into 2 : 2’-dibenzamido-é4 : 4’- 
dinitrodiphenyl (IX), which on treatment with phosphoryl] chloride yielded, not a diaza- 
pyrene, but 2-amino-2’-benzamido-4 : 4’-dinitrodiphenyl (XI). The monobenzoyl deriv- 
ative, also prepared directly from 2 : 2’-diamino-4 : 4’-dinitrodipheny] and by the hydrolysis 
of 2’: 3’-dinitro-2-phenyl-4 : 5-6 : 7-dibenzo-1 : 3-diazacyclohepta-2 : 4 : 6-triene (see be 
low), probably owes its formation to the production of 2’ : 3’’-dinitro-2-phenyl-4 : 5-6 : 7- 
dibenzo-1 : 3-diazacyclohepta-2 : 4 : 6-triene (X) which is hydrolysed when the reaction 
product is poured into water. Sako (loc. cit.) found that 2 : 2’-dibenzamido-6 : 6’-dimethy]- 
diphenyl] yields 1” : 4’-dimethyl-2-phenyl-4 : 5-6 : 7-dibenzo-1 : 3-diazacyclohepta-2 : 4 : 6- 
triene with phosphorus trichloride at 125°, benzoic acid being eliminated. 

N-2-Diphenylylamidines are converted into 9-substituted phenanthridines by phos- 
phoryl chloride (Cymerman and Short, J., 1949, 703), but 2 : 2’-diaminodiphenyl, pheny] 
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cyanide, and benzenesulphonic acid did not yield a diamidine or a diazapyrene but gave 
4: 5-6: 7-dibenzo-1 : 3-diazacyclohepta-2 : 4 : 6-triene (XII; R= R’ = H), a compound 
previously prepared by Sako (loc. cit.) from 2-amino-2’-benzamidodiphenyl and phosphorus 
trichloride at 130°. 2: 2’-Diaminodiphenyl, p-nitrophenyl cyanide, and benzenesulphonic 
NO,°C ‘N . . < —_ 
Cee NH NO,*C,H,"NHBz wy, gp 
>CPh NH—C=N 
a NO,°C,H,-NH m oe 
NO,°C,H,"N 5 aii tia C,H,R’ 
(1X) (X) (XI) (XII) 


NO,°C,.H,*-NHBz —BzOH +H,O 


NOyC,Hy:NH-COPh 


acid similarly gave 2-p-nitrophenyl-4 : 5-6 : 7-dibenzo-1 : 3-diazacyclohepta-2 : 4 : 6-triene 
(XII; R=H; R’ = p-NO,), and, in the same way, 2’ : 3”-dinitro-2-phenyl-4 : 5-6 : 7- 
dibenzo-1 : 3-diazacyclohepta-2 : 4 : 6-triene (X) was obtained from 2 : 2’-diamino-4 : 4’- 
dinitrodiphenyl and phenyl cyanide. The seven-membered rings in these compounds are 
somewhat unstable. For example, when the dinitro-compound is boiled with ordinary 
glacial acetic acid it affords 2-amino-2’-benzamido-4 : 4’-dinitrodiphenyl. 

The diazacycloheptatriene ring is also ruptured by methylating agents. 2-Phenyl- 
4 : 5-6 : 7-dibenzo-1 : 3-diazacyclohepta-2 : 4 : 6-triene resisted methylation when heated 
with methyl sulphate, potassium carbonate, and toluene, being merely converted into its 
sulphate. Methyl iodide, potassium carbonate, and acetone or formaldehyde and formic 
acid caused simultaneous methylation and hydrolysis with production of 2-benzomethyl- 
amido-2’-dimethylaminodiphenyl. 2-/-Nitrophenyl-4 : 5-6: 7-dibenzo-1 : 3-diazacyclo- 
hepta-2 : 4: 6-triene and methyl! sulphate in boiling toluene afforded a yellow solid which 
on being boiled with aqueous ethanol gave the sulphate of the diazacycloheptatriene and 
orange needles of a base shown to be 2-methylamino-2’-p-nitrobenzomethylamidodipheny1 
by synthesis of its formyl] derivative. The reaction may be formulated as follows (Ar 
p-NOg*CgH,") : 


C,.H,—NMe C,H,—NMe 
sei Mia og =e : C,H,-NHMe 


. * 
y — yar —> CLArOH —> 
C,H,—N C,H,—N Me C,H,—NMe 
MeSO,- 


C,HyNMe-COAr 


When the diazacycloheptatriene was boiled with methyl sulphate alone and the resulting 
sticky solid was digested with aqueous methanol, the products were 2-methylamino-2’-p- 
nitrobenzomethylamidodipheny! and 2-amino-2’-pf-nitrobenzamidodiphenyl, identical with 
a specimen prepared from 2 : 2’-diaminodiphenyl and p-nitrobenzoic anhydride. 2-Formo- 
methylamido-2’-p-nitrobenzomethylamidodiphenyl was synthesised from 2-amino-2’- 
nitrodiphenyl by successive formylation, methylation, reduction to 2-amino-2’-formo- 
meth lamidodiphenyl, p-nitrobenzoylation, and methylation. 2-Amino-2’-p-aminobenzo- 
methylamidodiphenyl was synthesised from 2-p-nitrobenzamido-2’-nitrodiphenyl, since the 
product obtained by the methylation of the diazacycloheptatriene was first thought to be a 
monomethyl compound. 

rhe biological activities of the quaternary salts of the 2 : 7-diaryl-1 : 6-diazapyrenes 
have been examined by Dr. L. Dickinson and her colleagues and detailed results will be 
published elsewhere. All these compounds possessed antibacterial and antiviral activity 
and those containing two amino-groups were 1000 times more active against the bacterio- 
phage of Pseudomonas pyocyanea than against the host. In an egg test against influenza A 
virus (PR 8 grade), the amino-compounds were active at one-half to one-quarter of the 
amount which killed the embryo (1—5 mg.), but the therapeutic index is too small for the 
compounds to be used therapeutically. 


EXPERIMENTAL 


5-A mino-9-arylphenanthridines and 2: 7-Diaryl-1 : 6-diazapyrenes.—2 : 2’-Dinitrodiphenyl, 
m. p. 122—124°, was obtained (average yield of 46%; with 14% of o-chloronitrobenzene) by 
the action of copper on o-nitrobenzenediazonium chloride (Niementowski, Ber., 1901, 34, 3327). 
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A solution of the dinitro-compound (64 g.) in hot alcohol (500 c.c.) was added in portions with 
occasional cooling to a warm solution of crystalline stannous chloride (382 g., 6-4 mols.) in 36% 
hydrochloric acid (440 c.c.), and the mixture was boiled overnight before isolation of 2: 2’- 
diaminodiphenyl, m. p. 77—79° (35-6 g.)._ The pure compound has m. p. 80—81° (Tauber, Ber., 
1891, 24, 198; Niementowski, Joc. cit.). Ethyl chloroformate (5 c.c., 1-3 mols.) was added drop 
wise to a boiling solution of 2-amino-2’-benzamidodiphenyl (11-7 g.; Sako, loc. cit.) in absolute 
alcohol (300 c.c.) and diethylaniline (10 c.c., 1-5 mols.), heating was continyed for a further hour, 
and the mixture was then shaken with dilute hydrochloric acid. The resultant oil was collected 
in ether, and the washed and dried (MgSO,) solution was concentrated to 20 c.c., giving 2 
benzamido-2’-carbethoxyaminodiphenyl (10-5 g.), which separated from methanol in prisms, m. p 
128—130° (Found: N, 7-7. Cy.H.» ON, requires N, 7-8%). Attempts to cyclise this compound 
by heating it with phosphoryl] chloride, with or without nitrobenzene, were unsuccessful, only 
unchanged starting material and traces of a solid, m. p. ca. 300°, being obtained. 2-Amino-2’- 
phthalimidodiphenyl, m. p. 174—176°, was obtained in 71% yield by the method described by 
Sako (loc. cit.), who presented unconvincing evidence for regarding it as N.N’-2 : 2’-diphenylylene- 
phthalodiamide. The phthalimido-compound (3-15 g.), benzoyl chloride (1-5 c.c., 1-3 mols.), and 
chlorobenzene (20 c.c.) were boiled under reflux until evolution of hydrogen chloride ceased (ca 
20 minutes), and addition of light petroleum (80 c.c.) then i cipitated 2-benz eo 2’ pumas. 
imidodiphenyl (3-8 g.), m. p. 168—170° (Found: N, 6-9. C,,H,,0O,N, requires N, 6-7%). 2- 
Amino-2 ‘phthalimidodiphe nyl (9-45 g.), p-nitrobenzoyl chloride (6-3 g.), and chlorobenzene 
(30 c.c.) similarly gave 2-p-nitrobenzoyl-2’-phthalimidodiphenyl (13-5 g.), needles (from chloro- 
benzene), m. p. 215—216° (Found: N, 9-4. C,,H,;,O;N, requires N, 9-1% 
9-Phenyl-5-phthalimidophenanthridine. 2-Benzamido-2’-phthalimidodipheny] (20-9 g.), phos- 
phory] chloride (46 c.c., 0-2 mol.), and nitrobenzene (50 c.c.) were heated under reflux for 16 hours 
The mixture was poured on ice, the nitrobenzene was removed in a current of steam, and the 
phenanthridine (12-4 g.) which separated from the yellow solution was crystallised from alcohol 
Recrystallisation from alcohol gave needles of 9-phenyl-5-phthalimidophenanthridine, m. p. 225 
226° (Found: C, 81-2; H, 4:25; N, 7-2. C,,H,,O,N, requires C, 81:0; H, 4:0; N, 7-0%) 
Evaporation of the alcoholic mother-liquors and hydrolysis of the residue with 36% hydrochloric 
acid gave 5-amino-9-phenylphenanthridine (1-03 g.), and a further quantity (0-41 g.) was 
obtained by basifying the yellow acid solution remaining after the steam-distillation (above) 
5-A mino-9-phenylphenanthridine. The phthaloyl group was removed by boiling 9-phenyl-5 
phthalimidophenanthridine (2 g.) for 2} hours with (a) 36% hydrochloric acid (50 c.c.), (b) 36% 
hydrochloric acid (20 c.c.) and acetic acid (10 c.c.), or (c) (16 hours) with 20% aqueous potassium 
hydroxide (50 c.c.). The yields of the amino-compound, 71, 56, and 75-5%, respectively, were 
not always reproducible but hydrolysis by Ing and Manske’s method (/., 1926, 2348) in presence 
of hydrazine was always satisfactory. The phthaloyl compound (6 g.) soon dissolved in a boiling 
mixture of hydrazine hydrate (3 c.c., 4-2 mols.) and methanol (60 c.c.), and the clear solution 
soon deposited a mass of white needles. The solid was dissolved in dilute hydrochloric acid and 
addition of sodium hydroxide to the yellow solution precipitated a solid (96%), which on recrys 
tallisation from alcohol gave pale yellow needles of queerdhd. ors 4 temp ieee m. p 
192—193° (Found: C, 84-4; H, 5-3; N, 10-7. C,,H,,N, requires C, 84-4; H, 5-2; N, 10-4%) 
The exothermic reaction which occurred on admixture of the amine (5-4 g.) with benzoy! chloride 
(3 c.c., 15 mols.) and nitrobenzene (25 c.c.) was completed by boiling the mixture until the 
resulting orange solid redissolved. The orange solid precipitated by pouring the solution into 
light petroleum was dissolved in warm methanol, and the white precipitate, m. p. 210—212 
(5-9 g.), obtained on adding ammonia to the solution was recrystallised from ethanol, giving 5- 
benzamido-9-phenylphenanthridine, plates, m. p. 214° (Found: N, 7-55. C,,H,,ON, requires 
N, 7:5%). 
9-p-Nitrophenyl-5-phthalimidophenanthridine, obtained in 78-5% yield as described for the 
phenyl analogue, crystallised from chlorobenzene in needles, m. p. 299—-300° (Found : C, 72-9; 
H, 3-5; N, 9-6. C,,H,,O,N, requires C, 72-8; H, 3-4; N, 9-4%). 
5-Amino-9-p-nitrophenviphenanthridine. The foregoing compound (6 g.), hydrazine hydrate 
(6 c.c., 9 mols.), and methanol (120 c.c.) were heated under reflux for 3 hours, and the solid 
(2-1 g.; m. p. 219—220°) was then collected. The solvent was removed from the filtrate and a 
dilute hydrochloric acid extract of the residue was clarified by filtration, made alkaline with 
aqueous ammonia, and the precipitate crystallised from chlorobenzene, giving another 1-4 g. of 
the amine, m. p. 219—220°. 5-Amino-9-p-nitrophenylphenanthridine crystallised from chloro- 
benzene in orange needles, m. p. 221—222° (Found: C, 72-0; H, 4-0; N, 13-5. C,,H,,0,N, 
requires C, 72-4; H, 4:1; N, 133%). This amine (3-15 g.), p-nitrobenzoyl chloride 
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(2-1 g., 1-1 mols.), and nitrobenzene (10 c.c.), brought into reaction in the same way as the corre- 
sponding unsubstituted compound, afforded 5-p-nitrobenzamido-9-p-nitrophenylphenanthvridine 
(81-5%), m. p. 338—341°, raised to 341—342° by recrystallisation from nitrobenzene (Found : 
N, 12-1. C,,H,,0O,N, requires N, 12-1%). 

2: 7-Diphenyl-1 : 6-diazapyrene. A mixture of 5-benzamido-9-phenylphenanthridine (2-7 
g.), phosphoryl chloride (4-7 c.c.), and nitrobenzene (20 c.c.) was boiled under reflux for 16 hours, 
the internal temperature being 160°. The excess of chloride was decomposed with ice, nitro- 
benzene was removed in steam, and the residual solid was washed with hot methanol to remove 
a coloured impurity. Crystallisation from chlorobenzene gave needles (2-7 g.) of 2 : 7-diphenyl- 
1 : 6-diazapyrene, m. p. 320—321° (Found: C, 88-0; H, 4-65; N, 8-0. C,,H,,N, requires C, 
87-6; H, 4:5; N, 7-9%). The dipicrate (needles from chlorobenzene) had m. p. 205—206° 
(Found: C, 56-4; H, 2-7; N, 13-9. C,,H,,0,,N, requires C, 56-0; H, 2:7; N, 13-8%). White 
needles separated when methy] sulphate (4 c.c., 2-1 mols.) was added to a solution of the diaza- 
pyrene (7-1 g.) in hot nitrobenzene (21 c.c.), and the methomethy] sulphate (6-4 g.) was obtained 
by boiling the mixture for a few minutes, cooling, and washing the precipitate with benzene and 
light petroleum. This salt was dissolved in water (20 c.c.) and treated with a hot solution of 
sodium iodide (10 g.) in water (10 c.c.). The precipitate (4-25 g.) recrystallised from hot water 
giving red prisms of 2: 7-diphenyl-1 : 6-diazapyrene dimethiodide dihydrate (Found: C, 49-45, 
50-0; H, 3-8, 3-7; N, 3-9; loss at 100°, 5-1. C,,H,.N,I,,2H,O requires C, 49-7; H, 3-85; N, 
4-15; H,O, 53%). This salt decomposes at 250—260° with loss of colour and regeneration of 


2: 7-diphenyl-1 : 6-diazapyrene, m. p. and mixed m. p. 320—321°. 


2: 7-Di-p-nitrophenyl-1: 6-diazapyrene. 5-p-Nitrobenzamido-9-p-nitrophenylphenanthridine 
(3-5 g.), phosphoryl chloride (7 c.c.) and nitrobenzene (21 c.c.) were heated under reflux for 
16 hours and the product was isolated by the procedure described for diphenyldiazapyrene 
(above). The solid was too insoluble for recrystallisation but successive washing with alcohol, 
nitrobenzene, and alcohol afforded fine yellow needles of 2 : 7-di-p-nitrophenyl-1 : 6-diazapyrene 
(91%) which did not melt below 400° (Found: C, 69-6; H, 3-0; N, 12-3. C,,H,,0O,N, requires 
C, 69:95; H, 3-2; N, 12-55%). The foregoing compound (13 g.) and methyl sulphate (58-5 c.c.) 
were boiled under reflux for 15 minutes, and the solid, obtained on cooling the resulting suspen- 
sion, was washed with benzene and light petroleum and recrystallised from boiling water, giving 
needles (12-6 g.). Crystallisation from water afforded 2: 7-d1-p-nitrophenyl-1 : 6-diazapyrene 
bismethomethylsulphate trihydrate (Found: C, 47-7; H, 4:2; N, 8-0; loss at 100°/vac., 6-3. 
Cy9Hg,0 ,2N,52,3H,O requires C, 47-9; H, 4:25; N, 7-45; H,O, 7-2%), decomp. 312—320°. 
Addition of ammonium bromide (30 g.) in water (80 c.c.) to the original aqueous mother-liquor 
afforded a solid (4-6 g.) which on being washed with very dilute hydrobromic acid gave 2: 7- 
di-p-nitrophenyl-1 : 6-diazapyrene dimethobromide (Found: N, 8-9; Br, 23-3. C,,H,,O,N,Br, 
requires N, 8-8; Br, 25-3%). This quaternary salt crystallises in golden-yellow needles which 
decompose at 200—260° (without melting) to give a white solid, probably the diazapyrene, which 
does not melt at 360°. 

2: 7-Di-p-aminophenyl-1 : 6*diazapyrene. The foregoing methobromide (10 g.) was tritur- 
ated with iron powder (12 g.) and stirred into a mixture of alcohol (300 c.c.), water (300 c.c.), 
and 0-1N-hydrobromic acid (2 c.c.). The mixture was heated on the steam-bath for 4 hours, 
neutralised with 0-1N-sodium hydroxide (2 c.c.), kept overnight, and filtered. The iron residue 
was washed with alcohol and the united filtrates were evaporated to dryness, the residue being 
extracted with alcohol (400c.c.). The filtered alcoholic solution was diluted with water (100 c.c.), 
brought to pH 4-8 by hydrobromic acid, evaporated to remove the alcohol, cooled, and filtered. 
The resulting dark red solid (4-2 g.), m. p. 205—206°, was dried at 100°, and then exposed to the 
atmosphere for several days, giving 2: 7-di-p-aminophenyl-1 : 6-diazapyrene dimethobromide 
hydrobromide dihydrate (Found: N, 8-3; Br, 35-2; H,O, 5-6. C,,H,,N,Br,,HBr,2H,O requires 
N, 8-1; Br, 34-65; H,O, 5-2%). An aqueous solution of this salt (pH 2) was brought to pH 
6-6 by sodium hydroxide solution, then concentrated and cooled, giving a red solid, m. p. 212— 
213°, probably 2: 7-di-p-aminophenyl-1 : 2-dihydro-2-hydroxy-1-methyl-1 : 6-diazapyrene 6- 
methobromide (Found: N, 10-9; Br, 17-2. C,,H,,ON,Br requires N, 10-8; Br, 15-6%). 

2-Benzamido-4 : 4’-biscarbethoxyamino-2’-phthalimidodiphenyl and Phosphoryl Chloride. 

2 : 2’-Dinitrobenzidine was prepared by a modification of Tauber’s method (Ber., 1890, 23, 795). 
Benzidine (18-4 g.) was dissolved in 10% oleum (282 g.) below 50°, and potassium nitrate (20-2 g. 
was added to the stirred solution during an hour, the temperature being kept below 20°. The 
solution was stirred at room temperature for 3 hours and then poured into ice-water (3 vols.). 
Most of the 2 : 2’-dinitrobenzidine separated as the sulphate which was collected and decomposed 
with ammonia. The nitro-amine, purified by reprecipitation from dilute hydrochloric acid and 
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washed with methanol, had m. p. 209—211° (16-5 g.), and the original acid filtrate afforded a 
second crop of the same m. p. when it was made alkaline with ammonia (1-8 g.)._ Ethy] chloro- 
formate (30 c.c., 2-1 mols.) was added dropwise to a boiling solution of the foregoing nitro- 
compound (45-5 g.) and diethylaniline (60 c.c., 2:3 mols.) in absolute alcohol (1 1.), and the 
mixture heated for a further hour and poured into water (3 1.) and 5n-hydrochloric acid (100 c.c.). 
The solid (50-4 g.) crystallised from alcohol as orange needles of 4: 4’-biscarbethoxvamino- 
2: 2’-dinitrodiphenyl, m. p. 200—201° as recorded by Le Févre and Turner (/., 1928, 252). 
Reduced iron powder (60 g.) was added to a boiling mixture of the preceding compound (47 g.), 
alcohol (280 c.c.), water (500 c.c.), and 36% hydrochloric acid (10 c.c.), and heating and stirring 
were continued for 5 hours before the mixture was poured into ice-water (31.). The solid was 
collected with the aid of kieselgiihr and extracted with boiling acetone (2 x 500 c.c.). The 
acetone extract was washed with methanol, dissolved in dilute hydrochloric acid (charcoal) and 
reprecipitated with ammonia, giving 2: 2’-diamino-4: 4’-biscarbethoxyaminodiphenyl (25 g.), 
which crystallised from chlorobenzene as colourless needles, m. p. 201—202° (decomp.) (Found : 
C, 60-1; H, 5-9; N, 15-6. C,,H,.O,N, requires C, 60-3; H, 6-2; N, 15-6%). A mixture of 
the diamine (17 g.), phthalic anhydride (8-5 g., 1-2 mols.), and water (170 c.c.) was boiled under 
reflux for 4 hours; the solid was then collected, powdered, and boiled with the liquid for another 
2 hours. The pale yellow solid (18-7 g.) was recrystallised from chlorobenzene, giving yellow 
needles of 2-amino-4 : 4’-biscarbethoxvamino-2’-phthalimti lodiphenyl, m. p. 231—232° (Found : 
C, 64-3; H, 5-0; N, 11-5. CygH,O,N, requires C, 63-95; H, 4-9; N, 115%). The phthaloyl 
compound (16-3 g.), benzoyl chloride (5 c.c., 1-3 mols.), and nitrobenzene (30 c.c.) were boiled 
under reflux for 15 minutes and the filtered solution was diluted first with an equal volume of 
benzene and then with excess of light petroleum. The resulting solid, freed from a brown 
impurity by boiling it with ethanol (100 c.c.) and washing it with methanol, had m. p. 258 
260° (17-6 g.), and a sample recrystallised several times from chlorobenzene afforded prisms of 
2-benzamido-4 : 4’-biscarbethoxyamino-2’-phthalimidodiphenyl, m. p. 265—266° (Found: N, 
9-3. C3,H,g0,N, requires N, 9-5%). Attempts to convert this compound into a phenanthridine 
by the action of phosphoryl chloride were unsuccessful, other substances being produced. 

2: 2’-Diaroyl-4 : 4’: 6 : 6’-tetranitrodiphenyls.—2-Chloro-3 : 5-dinitrobenzophenones. The pre- 
paration of these compounds was based on the procedure used by Ullmann and Broido (Ber., 
1906, 39, 358) for the preparation of 2-chloro-3 : 5-dinitrobenzophenone. 2-Chloro-3 : 5-dinitro- 
benzoic acid (Ullmann and Engi, Annalen, 1909, 366, 82) was converted into 2-chloro-3 : 5- 
dinitrobenzoy! chloride, m. p. 62—64°, by means of thionyl chloride as described by Barnett 
(Ber., 1925, 58, 1610) who does not record the m. p. More usually, the acid and phosphorus 
pentachloride (1-3 mols.) were brought into reaction in presence of an excess of the appropriate 
aromatic compound, and the resulting mixture was heated on the steam-bath for } hour, cooled, 
and treated with aluminium chloride (1-8 mols.), first at room temperature and then at 95 


100° 
for 4—3} hours. 


The mixture was decomposed with ice, and, after being kept for } hour at 
room temperature, the ketone was collected in benzene and purified by washing it with sodium 
carbonate solution and recrystallisation, usually from acetic acid (charcoal). 
new compounds were prepared, the yields being shown in parentheses. 

2-Chloro-4’-methyl-3 : 5-dinitrobenzophenone (53%), needles (from light petroleum), m. p. 
111—112° (Found: N, 9-0. C,,H,O,;N,Cl requires N, 8-75%); a lower yield was obtained when 
carbon disulphide was used as solvent instead of a large excess of toluene. 2: 4’-Dichloro-3 : 5- 
dinitrobenzophenone (51-5%), needles (from light petroleum), m. p. 117° (Found: N 
C,3;H,O,N,Cl, requires N, 8-2%). 

2-Chlovo-4'-methoxy-3 : 5-dinitrobenzophenone (37%), plates (from alcohol), m. p. 146—147° 
(Found: N, 8-5. C,,H,O,N,Cl requires N, 8-3%). It was separated from a by-product (8%) which 
was much more sparingly soluble in benzene and which on crystallisation of this from acetic acid 
gave long needles, m. p. 206—207° (Found: C, 54-8; H, 2-4; N, 10-0. Calc. for C,,H,O,N,: 
C, 54-5; N, 2-1; H, 9-8%), undepressed on admixture with a specimen of 2 : 4-dinitroxanthone, 
prepared in 60% yield as described by Ullmann (Annalen, 1909, 366, 87). Reduction with 
stannous chloride by the method used by Bayer (Annalen, 1910, 372, 139) in the case of an 
isomeric dinitroxanthone, afforded 2 : 4-diaminoxanthone (67%), orange needles (from chloro- 
benzene), m. p. 230—231° (Found: N, 12-3. C,;H,O,N, requires N, 12-4%). 2: 4-Diacetamido- 
xanthone had m. p. 315—-316° (Found: N, 9-1. C,,H,,0O,N, requires N, 9-0%). 

2 : 2’-Diaroyl-4 : 4’ : 6 : 6’-tetranitrodiphenyls were prepared from the chlorobenzophenones 
by the action of copper powder, better yields being obtained by a modification of the method of 
Ullmann and Broido (loc. cit.) in which the nitrobenzene is omitted and a few drops of acetic 
acid are added to the reaction mixture. The chlorobenzophenone should be pure and the 
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addition of acetic acid is necessary in order to obtain the vields recorded. 2 : 2’-Dibenzoyl- 
4:4’: 6: 6’-tetranitrodiphenyl was obtained consistently in 65% yield in place of the 21% 
yield obtained by Ullmann’s procedure. When a drop of acetic acid was added with stirring to 
a mixture of 2-chloro-3 : 5-dinitrobenzophenone (29 g.) and copper powder (ca. 2 g.) heated in 
an oil-bath at 170°, the internal temperature rose to 175—-180°. This temperature was maintained 
by the addition of copper powder (16 g., 3 atomic proportions in all) during 40 minutes. The 
bath-temperature was raised to 190° during the next 20 minutes; the internal temperature rose 
to 195° but fell to 190° during a further 20 minutes’ heating. The resulting mixture was ex- 
tracted with boiling benzene (charcoal), and the filtered solution, after being concentrated to 
70 c.c., was precipitated with light petroleum. The final precipitate was sticky but was easily 
purified by trituration with warm acetic acid and the total yield of the diphenyl, m. p. 184— 
186°, was 16-1 g. Ullmann and Broido (loc. cit) record m. p. 186°. The following compounds, 
crystallised from acetic acid, were prepared by the general method, the bath-temperatures, 
which are 5—10° lower than the temperatures of the reacting mixtures, being given in paren- 
theses together with yields of crude product 

4:4:6: 6’-Tetranitro-2 : 2’-di-p-toluovldiphenyl (130—150°) (63%), m. p. 221—222° (Found : 
N, 10-0. C,,.H,,O,9Nq requires N, 9-8%) 

2 : 2’-Di-p-nitrobenzoyl-4 : 4° : 6: 6’-tetranitrodiphenyl (150—170°) (54%), m. p. 232—233° 
Found N, 9-2 Cygl 1 sof oN Cl, requires N, 9-15%). 

2 : 2’-Di-p-methoxybenzoyl-4 : 4’ : 6: 6’-tetranitrodiphenyl (155—157°) (29%), m 
228° (Found: N, 9-45. C,.H,,0,.N, requires N, 9-3%) 

$ : 9-Diamino-2 : 7-diaryl-1 : 6-diazapyrenes.—Simultaneous reduction and ring closure took 
place when stirred suspensions of the diaroyltetranitrodiphenyls in alcohol (10 c.c. per g.) were 
treated with solutions of crystalline stannous chloride (12—13-5 mols.) in 36% hydrochloric acid 
(1-3 c.c. per g.). The nitro-compounds dissolved in about } hour and reduction was completed 
by boiling the solutions under reflux for 1—1}$ hours. The solutions were concentrated under 


reduced pressure, and the diaminodiazapyrene hydrochlorides were precipitated as red or orange 
solids by adding 36° hydrochloric acid to the concentrates, and were washed with the concen- 
trated acid. These salts became purple on trituration with water and addition of aqueous 
sodium hydroxide precipitated the diamines, which were washed with water and alcohol and 
recrystallised from nitrobenzene or aqueous pyridine. The diamines did not melt below 400° 
but usually blackened and decomposed at 360—380 Diacetyvl deriatives (S0O—85°,) were 
obtained by boiling the diamines with acetic anhydride (11—30 c.c. per g.) for 10—15 minutes, 
the resulting solids being washed with acetic acid and alcohol and recrystallised from nitro- 
benzene, giving vellow needles which were washed with alcohol and ether. Thev were recovered 
unchanged after being boiled with 5°, sodium hydroxide solution or with 20% hydrochloric 
acid but were hydrolysed by dissolving them in concentrated sulphuric acid (5 c.c. per g.), 
cautiously adding an equal volume of water in small portions, and bringing the resulting 
solutions to the b. p. The amines were obtained by pouring the solutions on ice and sodium 
hydroxide solution. 

4 : 9-Diamino-2 : 7-diphenyl-1 : 6-diazapyrene (71%) consisted of orange feathery needles 
(Found: C, 79-9, 79-6; H, 4-5, 4:8; N, 14.4. C,,H,,N, requires C, 80-8; H, 4-7; N, 14-4%) 
and the diacetyl derivative had m. p. 384—385°, with previous sintering (Found: C, 74-1; 
H, 4:5; N, 12-0. Cj ,H..O,N, requires C, 76-6; H, 4:7; N, 11-99%). The amine and 36% 
hvdrochloric acid afforded the hydrochloride which crystallised from methanol containing a little 
hydrochloric acid in purple needles which did not melt below 400° (Found: N, 12-25; Cl, 14-3. 
C,,H,,N,,2HCI requires N, 12-2; Cl, 15-5%) 

4: 9-Diamino-2 : 7-di-p-tolyl-1 : 6-diazapyrene (78%) purified through the diacetyl derivative, 
crystallised from nitrobenzene in orange needles (Found: N, 13-5. C,,H,.N, requires N, 13-5%). 
The diacetyl derivative separated from nitrobenzene in yellow needles, m. p. 392—393° (Found : 
C, 75:8; H, 5-3; N, 11-0. C,,H,,O,N, requires C, 77-1; H, 5:3; N, 11-25%). 

4: 9-Diamino-2 : 7-di-p-chlorophenyl-| : 6-diazapyrene (92%) crystallised from nitrobenzene 
in dark red prisms (Found: C, 68-0; H, 3-9; N, 12-2. C,,H,,N,Cl, requires C, 68-6; H, 3-5; 
N, 12-3%) and afforded a diacetyl derivative, yellow needles (from nitrobenzene) which did not 
melt below 400° (Found: N, 10-4. Cj 9H, O,N,Cl, requires N, 10-4%). 

4 : 9-Diamino-2 : 7-di-p-methoxyphenyl-1 : 6-diazapyrene (70%) crystallised in red needles 
(Found: N, 12-5. C,gH,,O,N, requires N, 126%) and gave a diacetyl derivative, yellow needles 
(from nitrobenzene), m. p. 393—394° (Found: N, 10-45. C,,H,,0,N, requires N, 10-6%). 

Quaternary Salts of 4: 9-Diamino-2 : 7-diaryl-1 : 6-diazapyrenes.—The 4: 9-diacetamido- 
2: 7-diaryl-1 : 6-diazapyrene was dissolved in boiling nitrobenzene (30—50 c.c. per g.), and 
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the solution cooled to 180—190°, treated with methyl sulphate (3—3-3 mols.), kept at 180— 
190° for 20—30 minutes, and cooled in ice-water. The crude methomethylsulphate was col- 
lected and extracted with successive quantities of boiling water, and the corresponding metho- 
chloride or methobromide was precipitated from the solution by addition of concentrated 
ammonium chloride or bromide solution. The metho-salts of the diacetamidodiazapyrenes 
were purified by extracting impurities with boiling isopropanol and were hydrolysed by boiling 
them for 40—75 minutes with 36°, hydrochloric or 47° hydrobromic acid (8 
The resulting deacetylated quaternary salts were recrystallised from water. 

4 : 9-Diacetamido-2 : 7-diphenyl-1 : 6-diazapyrene dimethobromide (53%) consisted of brown 
plates, m. p. 310—311° (decomp.) (Found: C, 58-5; H, 4:7; N, 8-5. C,,H,,O,N,Br, requires 
C, 58-2; H, 4:25; N, 85%), and was hydrolysed to 4: 9-diamino-2 : 7-diphenyl-1 : 6-diaza- 
pyrene dimethobromide, dark blue plates, m. p. 308-—309° (decomp.) (Found: C, 57-8; H, 3-95; 
N, 10-1. C,,H.,N,Br, requires C, 58-3; H, 4-2; N,9-7%). The corresponding dimethochloride 
consisted of brown plates, m.p. 375—376° (decomp.) (Found: N, 955. C,,H,.O,N,Cl, requires 
N, 9:8%), and was hydrolysed to 4: 9-diamino-2 : 7-diphenyl-1 : 6-diazapyrene dimethochloride 
monohydrate, m. p. 224° (decomp.) (Found: C, 66:3; H, 5-25; N, 11:3; H,O, 2-5. 
C,,H,,N,Cl,,H,O requires C, 66-5; H, 5-15; N, 11-1; H,O, 3-6%). 

4 : 9-Diacetamido-2 : 7-di-p-tolyl-1 : 6-diazapyrene dimethochloride (65-5) crystallised in 
needles which became discoloured at 320—330° without melting (Found: N, 8-95, 8-85. 
C,,H,,0,N,Cl, requires N, 9:35%). Hydrolysis gave an 84° yield of 4: 9-diamino-2 : 7-di- 
p-tolyl-1 : 6-diazapyrene dimethochloride, blue plates, m. p. 341° (Found: C, 70-0; H, 5-5; N, 
10-65; Cl, 13-8. C,,H,,N,Cl, requires C, 69-9; H, 5-4; N, 10-9; Cl, 13-8%). 

4: 9-Diacetamido-2 : 7-di-p-chlorophenyl-1 : 6-diazapyrene dimethochloride (30%) was obtained 
in brown needles which did not melt below 400° (Found: N, 8-65. C,,H,,0,N,Cl, requires N, 
8-75° 

4: 9-Diamino-2 : 7-di-p-chlorophenyl-1 : 6-diazapyrene dimethochloride monohydrate formed 
turquoise plates, decomp. at 330—340° to a light brown solid [Found: C, 58-4; H, 4-0; 
N, 10-0, 10-0; Cl, 24-9; H,O (Karl Fischer), 2-8. C,,H,.N,Cl,,H,O requires C, 58-5; H, 4-2; 
N, 9-75; Cl, 24-75; H,O, 3-1%}. 

4 : 9-Diacetamido-2 : 7-di-p-methoxyphenyl-1 : 6-diazapyrene dimethochloride (75%) is a brown 
solid which decomposes at a high temperature without melting (Found: N, 8-9. C,,H,.0,N,Cl, 
requires N, 8-9%). Hydrolysis gave a 98% vield of 4: 9-diamino-2 : 7-di-p-methoxryphenyl- 
1 : 6-diazapyrene dimethochioride, m. p. 321—322° (Found: C, 65-4; H, 5-2; N, 10-1; Cl, 13-1 
C3,H,,0,N,Cl, requires C, 65-8; H, 5-1; N, 10-2; Cl, 13-0%) 

2 : 2’-Dibenzamido-4 : 4’-dinitrodiphenyl and Phosphoryl Chloride.—2 : 2'-Diaminodiphenyl 
was converted into 2: 2’-disuccinimidodiphenyl, m. p. 310—312° (60%), and then nitrated as 
described by Sako (loc. cit.). The yield of 4: 4’-dinitro-2 : 2’-disuccinimidodiphenyl, m. p 
214—-316°, was 11% and hydrolysis for 16 hours at 40° with 10% aqueous potassium hydroxide 
gave 2: 2’-diamino-4 : 4’-dinitrodiphenyl, m. p. 250—251° (93-5%), for which Sako records 
m. p. 249—250°. The diamine (2 g.), benzoyl chloride (3 c.c.), and nitrobenzene (10 c.c.) were 
boiled until the evolution of hydrogen chloride ceased, and the hot solution was poured into 
benzene (100c.c.). The solid was collected, mixed with a small second crop obtained by diluting 
the filtrate with light petroleum, and, after being washed with light petroleum, had m. p. 236— 
239° (3-25 g.). A sample recrystallised from methanolafforded 2 : 2’-dibenzamido-4 : 4’-dinitro- 
diphenyl as lemon-yellow plates, m. p. 239—240° (Found: N, 11-9. C,,H,,O,N, requires N, 
11-6%). This compound (2-4 g.), phosphoryl chloride (4-6 c.c., 10 mols.), and nitrobenzene 
(15 c.c.) were boiled under reflux for 16 hours, cooled, poured on ice, and steam-distilled to re- 
move nitrobenzene. The residual dark brown solid was extracted with methanol, leaving a 
light brown solid (1-7 g.) which was crystallised from chlorobenzene, giving first a yellow solid, 
m. p. 238—240° (0-4 g.), and then a more soluble portion (ca. 1-05 g.), m. p. 230-—234°, shown by 
a mixed m. p. determination to consist mainly of the unchanged dibenzoyl derivative. A 32% 
yield of the yellow compound, m. p. 239—240 


10 c.c per g.). 


o 


, was obtained by heating the recovered dibenzoy] 
derivative with phosphoryl! chloride and nitrobenzene for 24 hours. Further crystallisation 
from chlorobenzene gave yellow needles, m. p. 243—244° (Found: C, 60-7; H, 3-7; N, 14°75 
C19H,,0O;N, requires C, 60-3; H, 3-7; N, 148%), and comparison with a specimen prepared by 
benzoylation of 2: 2’-diamino-4 : 4’-dinitrodiphenyl showed that this compound is 2-amino- 
2’-benzamido-4 : 4’-dinitrodiphenyl. This compound, which depressed the m. p. of the dibenzoyl 
derivative, was also obtained (1) by hydrolysis of 2’ : 3’’-dinitro-2-phenyl-4 : 5 : 6 : 7-dibenzo- 
1 : 3-diazacyclohepta-2 : 4 : 6-triene (see below), (2) in 35% yield by heating the diamine (0-54 g.) 
and benzoic anhydride (0-46 g., 1-03 mols.) at 180° for 20 minutes (m. p. 238—240°), and (3) 
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in 59% yield by keeping the diamine (0-27 g.), benzoyl chloride (0-13 g., 1-04 mols.), and pyridine 
(6 c.c., 7-5 mols.) at room temperature for 40 hours, pouring the mixture into dilute hydrochloric 
acid, and crystallising the resulting solid from acetic acid and then from chlorobenzene, the 
m. p. 243—244°, being undepressed on admixture with samples prepared by the alternative 
methods. 

4: 5-6: 7-Dibenzo-1 : 3-diazacyclohepta-2 : 4: 6-trienes.—2-Phenyl-4 : 5-6: T-dibenzo-1 : 3- 
diazacyclohepta-2 : 4: 6-triene. 2: 2’-Diaminodiphenyl (27-6 g.), benzonitrile (15-3 c.c., 1 mol.), 
and benzenesulphonic acid (23-7 g., 1 mol.) were heated at 180° for an hour, and the resulting 
solid was washed successively with benzene, light petroleum, and water, leaving a pale yellow 
salt, m. p. 306—312°. The benzenesulphonate was decomposed by adding sodium hydroxide to 
an alcoholic suspension, and the precipitate, m. p. 160—164° (18-7 g.), which separated when the 
alcoholic solution was diluted with water, afforded 2-phenyl-4 : 5-6 : 7-dibenzo-1 : 3-diaza- 
cyclohepta-2 : 4: 6-triene, m. p. 164—165°, on crystallisation from chlorobenzene. Sako (loc. 
sit.) records m. p. 165—166°. An attempt to methylate this base by heating a toluene solution 
at 100° with methyl sulphate and potassium carbonate, produced greenish-yellow needles of the 
sulphate, m. p. 262—263° (Found: C, 62-1; H, 4-7; N, 81. C,)9H,,0,N.S requires C, 62-0; 
H, 4:35; N, 7-6%), identical with a specimen prepared by adding dilute sulphuric acid to a 
toluene solution of the base. Simultaneous methylation and hydrolysis occurred when the base 
(2 g.), methyl iodide (10 c.c., 22 mols.), potassium carbonate (1 g., 1 mol.), and acetone (100 c.c.) 
were heated under reflux for 16 hours. The filtered acetone solution was evaporated, and when 
the residual oil was extracted with acid it afforded a base (1-6 g.; m. p. 110—118°) which 
crystallised from light petroleum (charcoal) in prisms, m. p. 120—123° (1-05 g.). Further 
crystallisation gave 2-benzomethylamido-2’-dimethylaminodiphenyl, m. p. 123—124° (Found: 
C, 79-8; H, 6-7; N, 8-7. C,.H,.ON, requires C, 80-0; H, 6-7; N, 8-5%). A 16% yield of this 
compound was obtained when the base (2 g.), paraformaldehyde (1 g.), and 100% formic acid 
(20 c.c.) were boiled under reflux for 16 hours. 

2-p-Nitrophenyl-4 : 5-6 : 7-dibenzo-1 : 3-diazacyclohepta-2 : 4: 6-triene. In the same way, 
2 : 2’-diaminodipheny] (3-68 g.), p-nitrobenzonitrile (2-96 g.), and benzenesulphonic acid (3-16 g.) 
afforded a benzenesulphonate, m. p. 356—358° (3-4 g.), when heated at 180° for 14 hours. 2-p- 
Nitrophenyl-4 : 5-6 : 7-dibenzo-1 : 3-diazacyclohepta-2 : 4: 6-triene, liberated by aqueous am- 
monia, crystallised from chlorobenzene in yellow-orange needles (1-8 g.), m. p. 186-——187° (Found : 
C, 72-5; H, 3-95; N, 13-6. C,H,,0,N, requires C, 72-4; H, 4:1; N, 133%). A toluene 
solution of the base and a little dilute sulphuric acid gave the sulphate, m. p. 307—308° (Found : 
C, 54:55; H, 4:0; N, 10-4. C,,H,,0O,N,S requires C, 55-2; H, 3-6; N, 10-2%). When the 
base (9-15 g.), methyl sulphate (9 c.c.), potassium carbonate (2-93 g.), and toluene (500 c.c.) were 
stirred and heated on the steam-bath for 64 hours a yellow solid was formed. This was washed 
with benzene and water and heated with methanol (100 c.c.), leaving yellow needles (7-2 g.), 
m. p. 290—300°, which afforded the above-mentioned sulphate (5-1 g.), m. p. and mixed m. p. 
307—308°, when boiled with 95° ethanol (40 c.c.). The united alcoholic solutions on concen- 
tration gave a solid (1-8 g.), m. p. 174—180°, which on crystallisation from ethanol afforded 
orange needles of 2-methylamino-2'-p-nitrobenzomethylamidodiphenyl, m. p. 179—180° (Found : 
C, 69-4; H, 5-3; N, 12-0. C,,H,,O,N, requires C, 69-8; H, 5-2; N, 116%). This compound 
was recovered unchanged after it had been boiled with formic acid and toluene but acetoformic 
anhydride (Béhal, Compt. rend., 1899, 128, 1460) at 50° converted it into 2-formomethylamido- 
2’-p-nitrobenzomethylamidodiphenyl, m. p. and mixed m. p. 164—165°. 2-Methylamino-2’- 
p-nitrobenzomethylamidodiphenyl (1 g.), iron powder (10 g.), water (75 c.c.), methanol 
(75 c.c.), and acetic acid (1 c.c.), when heated and stirred for 4 hours, gave 2-p-aminobenzomethyl- 
amido-2’-formomethylamidodiphenyl (78-5%), white needles (from chlorobenzene), m. p. 169— 
170° (Found: C, 76-3; H, 6-3; N, 12-6; NMe, 15-0. C,,H,,ON, requires C, 76-1; H, 6-3; 
N, 12-7; NMe, 17-5%). A different result was obtained when 2-p-nitropheny]-4 : 5-6 : 7-dibenzo- 
1 : 3-diazacyclohepta-2 : 4 : 6-triene (7 g.) and methyl sulphate (10c.c., 7-75 mols.) were boiled to- 
gether for 4 minutes in absence of potassium carbonate. When the cooled solution was poured 
into ether (200 c.c.) it afforded a sticky solid, which only became granular after its solution in hot 
50% aqueous methanol had been made alkaline with ammonia and heated on the steam-bath for 
$ hour. The solid collected from the hot suspension crystallised from chlorobenzene-light 
petroleum in orange needles (2-45 g.), m. p. 179—180°, undepressed by admixture with 2-methyl- 
amino-2’-p-nitrobenzomethylamidodiphenyl. The aqueous-methanolic filtrates deposited a 
solid which was crystallised from chlorobenzene—light petroleum giving an orange solid (1-8 g.), 
m. p. 128—132°, which dissolved in chlorobenzene to a solution which after several days 
deposited large prisms (0-2 g.) of 2-amino-2'-p-nitrobenzamidodiphenyl, m. p. 148—145", identical 
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with a specimen prepared by heating 2: 2’-diaminodiphenyl, #-nitrobenzoic anhydride (1-4 mols.), 
and benzene for 2 hours (Found: N, 12-9. C,,H,,O3;N; requires N, 12-6%). 

2’ : 3'’-Dinitro-2-phenyl-4 : 5-6 : 7-dibenzo-1 : 3-diazacyclohepta-2 : 4: 6-triene. A little am- 
monia was evolved when 2: 2’-diamino-4 : 4’-dinitrodiphenyl (1-8 g.), benzonitrile (25 c.c), 
and benzenesulphonic acid (0-9 g., 0-9 mol.) were boiled under reflux for 74} hours, and when the 
product was cooled and washed with benzene and light petroleum, white needles (2-85 g.) of a 
benzenesulphonate, m. p. 215—220° (decomp.), were obtained. This salt was decomposed by 
hot water (50 c.c.) and several crystallisations of the resulting solid from nitrobenzene gave 
2’ : 3’’-dinitro-2-phenyl-4 : 5-6 : 7-dibenzo-1 : 3-diazacyclohepta-2 : 4 : 6-triene, red needles, m. p. 
348—350° (1-48 g., nearly pure) (Found: C, 63-4; H, 2-9; N, 15-7. C,,H,,O,N, requires C, 
63-3; H, 3-3; N,15-6%). This (0-2 g.) slowly dissolved in boiling, ordinary, glacial acetic acid 
(5. c.c.) and the brown solution deposited pale brown needles (0-16 g.) of 2-amino-2’-benzamido- 
4: 4’-dinitrodiphenyl, m. p. 243—244° (Found: N, 14-8. Calc. for C,,H,,O,;N,: N, 148%), 
undepressed on admixture with an authentic specimen (see above). 

2-Amino-2'-nitrodiphenyl. Reduction of 2: 2’-dinitrodiphenyl with sodium polysulphide 
(Purdie, ]. Amer. Chem. Soc., 1941, 68, 2276) gave 2-amino-2’-nitrodipheny]l (53%), m. p. 64— 
65° (Found: N, 13-3, 13-3. Calc. for C,,H,O,N,: N, 13:1%). Hydrolysis of the acetyl 
derivative, which had m. p. 159—160° as recorded by Purdie, also afforded the nitro-amine, 
m. p. 64—65°; Purdie states that the nitro-amine has m. p. 94—95°. The hydrochloride 
crystallised from dilute hydrochloric acid in prisms, m. p. 228—-229° (Found: N, 11-3; Cl, 
14-6. C,,H,,O,N,Cl requires N, 11-2; Cl, 14-2%). 

2-Formamido-2’-nitrodiphenyl, obtained in 93% yield by slowly distilling a mixture of the 
nitro-amine (39 g.), 98% formic acid (50 c.c.), and toluene (500 c.c.) through an 18-in. column 
until the volume was reduced to 50 c.c., crystallised from ethanol in yellow needles, m. p. 130— 
131° (Found: N, 11-6. C,;H,9O3;N, requires N, 11-6%). 2-Nitro-2’-p-nitrobenzamidodiphenyl, 
obtained by boiling the nitro-amine (4-28 g.), p-nitrobenzoy] chloride (3-8 g.), and chlorobenzene 
(15 c.c.) for 20 minutes, crystallised from ethanol in yellow needles, m. p. 127—128° (Found : 
N, 11-6. C,,H,,0;N,; requires N, 11-6%). 

2-Formomethylamido-2’-nitrodiphenyl. A solution of methyl iodide (9-5 c.c., 1-5 mols.) in 
acetone (50 c.c.) was added during 15 minutes to a mixture of 2-formamido-2’-nitrodiphenyl 
(24-2 g.), 85% potassium hydroxide (21 g., 3-2 mols.), and acetone (250 c.c.) heated on the steam- 
bath. The mixture was heated for a further 25 minutes and the solution was decanted from the 
solid which was washed with acetone. The united acetone solutions were poured into water 
(3 1.), and the pale brown solid which separated was recrystallised successively from alcohol 
(charcoal) and light petroleum (b. p. 80—100°), giving prisms (55-5%) of 2-formomethylamido- 
2’-nitrodiphenyl, m. p. 97—98° (Found: N, 10-8. C,,H,,0O,N, requires N, 10-9%). 2-Nitro- 
2’-p-nitrobenzomethylamidodiphenyl (88%), similarly prepared from 2-nitro-2’-p-nitrobenz- 
amidodiphenyl, crystallised from alcohol in yellow prisms, m. p. 172—174° (Found: N, 11-1. 
Cy5H,,0;N, requires N, 11-1%). Reduction with iron powder, as described below, gave 2- 
amino-2’-p-aminobenzomethylamidodiphenyl (77%), which crystallised in prisms (from ethanol), 
m. p. 224—225° (Found: C, 75-1; H, 6-0; N, 13-5. C,9H,,ON, requires C, 75-7; H, 6-0; N, 
13-3%). 

2-A mino-2’-formomethylamidodiphenyl. 2-Formomethylamido-2’-nitrodiphenyl (10 g.), dis- 
solved in methanol (75 c.c.), was added to a heated mixture of iron powder (10 g.), water (75 c.c.), 
methanol (75 c.c.), and formic acid (1 g.), and heating and stirring were continued for 4 hours. 
The acid was neutralised with calcium carbonate, the hot mixture was filtered into water, and 
the amine was collected in ether and purified through its hydrochloride. 2-Amino-2’-formo- 
methylamidodiphenyl (43%) crystallised from benzene in needles, m. p. 89—90° (Found: N, 
12-4. C,,H,,ON, requires N, 12-4%). This compound (4-52 g.), p-nitrobenzoyl chloride (3-8 g.), 
and chlorobenzene (15 c.c.) were boiled for 15 minutes, then poured into light petroleum (150 c.c.) 
and the solid crystallised from light petroleum, giving prisms (43%) of 2-formomethylamido- 
2’-p-nitrobenzamidodiphenyl, m. p. 170—171° (Found: N, 11-4. C,,H,,0O,N, requires N, 11-2%). 
Methyl] iodide and potassium hydroxide in acetone then gave 2-formomethylamido-2’-p-nitro- 
benzomethylamidodiphenyl (71%), prisms (from ethanol), m. p. 164—165° (Found: C, 67:3; 
68-4; H, 5-3, 4-9; N, 11-0. C,.H,,O,N, requires C, 67-9; H, 4-9; N, 10-8%). 

RESEARCH LABORATORIES, MEssrs. Boots PurE DrucG Co., Ltp., 

NOTTINGHAM. (Received, August 28th, 1952.) 
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919. Organic Fluorides. Part XIV.* The Synthesis of Some 
Aromatic Fluoro- and Chloro-compounds. 


By L. V. Jounson, F. Smitu, M. Stacey, and J. C. TatLow. 


Aromatic compounds having —CCl, or >CCl, side chains react, in pyridine, 
with copper powder, with removal of chlorine and consequent dimerisation 
of the organic residues. In this way 1:1: 2: 2-tetrachloro- and 1: 2- 
dichloro-1 : 2-diphenylethane and _ 1: 2-dichloro-1: 1 : 2: 2-tetraphenyl- 
ethane were made; further reaction with 1: 2-dichloro-compounds gives 
olefins. ~—CCl, or >CCl, side chains adjacent to benzene nuclei are con- 
verted into the corresponding trifluoro- and difluoro-groupings by the use of 
hydrogen fluoride or antimony trifluoride. Difluorodi-p-fluorophenyl- 
methane, 1:1: 2: 2-tetrafluoro-1 : 2-diphenylethane, _ bistrifluoromethy]l- 
benzene, and 1: 3: 5-tristrifluoromethylbenzene were prepared thus from 
the corresponding chloro-compounds. In the first of these compounds the 
fluorinated group is very readily hydrolysed; the last three compounds have 
stable side chains. 


THIS paper summarises investigations carried out some years ago in order to provide aro- 
matic chloro- and fluoro-hydrocarbon intermediates. Aromatic compounds with chlorin- 
ated side chains, from which the corresponding fluoro-compounds are derived most 
conveniently, were prepared in two ways. The usual non-catalysed direct side-chain 
chlorination was utilised for the production of certain compounds (Harvey, Smith, Stacey, 
and Tatlow, unpublished results), and others were made by application of a method 
described by Karrer, Wehrli, Biedermann, and Vedova (Helv. Chim. Acta, 1928, 11, 233). 
In the latter process, the chloro-compound, in pyridine, is treated with copper powder, 
whereupon two molecules are linked together, one chlorine atom from each molecule being 
eliminated. Although this method is not applicable widely, it is shown herein to be very 
useful in certain cases. 1:1: 2: 2-Tetrachloro-] : 2-diphenylethane was prepared readily 
from benzotrichloride in this way, and from dichlorodiphenylmethane 1 : 2-dichloro- 
1: 1:2: 2-tetraphenylethane was obtained. Under rather more drastic conditions, 
compounds having chlorine atoms on adjacent carbon atoms are dechlorinated to give 
olefins in this reaction : from the first process above, when reaction was allowed to proceed 
further, 1 : 2-dichloro-1 : 2-diphenylethylene was obtained, in the second process tetra- 
phenylethylene, and, from treatment of (pentachloroethyl)benzene, «$-trichlorostyrene. 
This reaction with copper powder and pyridine is limited to compounds having reactive 
chlorine atoms; only poor conversions of benzylidene chloride into 1 : 2-dichloro-1 : 2- 
diphenylethane were given, and benzyl chloride and nuclear-halogen derivatives such as 
chlorobenzene were unaffected. Pyridine plays an important réle in this reaction, since 
copper powder alone reacts slowly in the cold with chloro-compounds such as those men- 
tioned above, but in the presence of pyridine the reaction is often spontaneous, heat being 
evolved, and a blue crystalline material, reported by Karrer ef al. (loc. cit.) to be a cupric 
chloride—pyridine complex, is precipitated. It may well be that polychloro-compounds 
with labile chlorine atoms, such as those which react in this process, form to some extent a 
quaternary pyridinium chloride, and that this is the reactive intermediate. 

Fluorobenzene, in a Friedel-Crafts reaction with carbon tetrachloride promoted by 
aluminium chloride, gave dichlorodi-f-fluorophenylmethane, which was hydrolysed 
rapidly in aqueous alcohol to 4: 4’-difluorobenzophenone. Bergmann, Hoffmann, and 
Meyer (J. pr. Chem., 1932, 135, 245) first prepared the ketone, using a similar process, but 
did not isolate the intermediate dichloro-compound. From the reaction of the latter, 
in pyridine, with copper powder, there was obtained tetra-f-fluorophenylethylene; the 
pure intermediate dichloro-compound could not be isolated in this case. The structure 
of the olefin was confirmed by its oxidation to 4 : 4’-difluorobenzophenone. 

Fluorination of chloroalkyl-aromatic compounds was effected by the use of antimony 
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trifluoride (Swarts, Bull. Acad. roy. Belg., 1898, 35, 375) or of anhydrous hydrogen fluoride 
(Osswald, Miiller, and Steinhauser, G.P. 575,593; B.P. 395,227). Thus prepared were bis- 
trifluoromethylbenzene (cf. McBee, Hass, et al., Ind. Eng. Chem., 1947, 39, 298; Murray, 
Beanblossom, and Wojcik, ibid., p. 302), 1 : 3 : 5-tristrifluoromethylbenzene (cf. McBee and 
Leech, ibid., p. 393), and fluoro-chloro-compounds derived from (pentachloroethyl) benzene 
(cf. McBee, Hass, et al., ibid., p. 384; Simons and Herman, J. Amer. Chem. Soc., 1943, 65, 
2064). 

It is noteworthy that 1 : 3 : 5-tristrifluoromethylbenzene has a b.p. of ca. 120°, which is 
lower than that of perfluoro-(1 : 3: 5-trimethyleyclohexane) for which Fowler et al. (Ind. 
Eng. Chem., 1947, 39, 292) gave b. p. 124-7—125-1°, and Haszeldine and Smith (/., 1950, 
3617) 124-6°. This effect may well be due to the suppression of intermolecular association 
such as hydrogen bonding in the mesitylene derivative because of the positions and size of 
the trifluoromethyl groups. 1:3: 5-Tristrifluoromethyleyclohexane has b. p. 157° 
(Gilbert and Bigelow, J]. Amer. Chem. Soc., 1950, 72, 2411). 

Dichlorodi-p-fluorophenylmethane gave, with antimony trifluoride, difluorodi-p-fluoro- 
phenylmethane, which, as expected by analogy with difluorodiphenylmethane (Henne and 
Leicester, ibid., 1938, 60, 864), was hydrolysed very readily to 4 : 4’-difluorobenzophenone. 
1: 1 : 2: 2-Tetrafluoro-1 : 2-diphenylethane was produced from the corresponding tetra- 
chloride by treatment with antimony trifluoride—-antimony pentachloride, or preferably by 
Henne’s method (ibid., p. 1569; hydrogen fluoride and mercuric oxide). The fluorine 
atoms in this compound were tightly bound, though they were removed by concentrated 
sulphuric acid at 100°, this reaction giving benzil; the conversion of >CF, groups linked 
to aromatic rings into keto-groups with sulphuric acid is to be expected since Le Fave (tbid., 
1949, 71, 4148) observed that aromatic —CF, groups give carboxylic acids when thus 
treated. 

Though direct linkage to an aromatic nucleus causes some decrease in the stability of 
—CF, groups, in comparison with most aliphatic compounds, yet, in general, reactions occur 
only with sulphuric acid and other drastic reagents. The same effect seems to apply when 
-CF,°CF,° groups are joined to benzene rings. However, when two aromatic groups are 
joined directly to a >CF, group, in the stability of the grouping is considerably reduced, 
and the fluorine is readily replaced. 


EXPERIMENTAL 

Preparation of Dichlorodi-p-fluorophenylmethane.—Fluorobenzene (19-2 g.) in carbon tetra- 
chloride (29-0 g.) was added during 1 hour to a suspension of powdered anhydrous aluminium 
chloride (13-5 g.) in carbon disulphide (30 c.c.). Reaction ensued, and after 16 hours at 15° 
the mixture was poured into ice-water, the organic layer extracted with ether, and the extracts 
were washed with aqueous sodium hydrogen carbonate, then with water, and dried (MgSO,). 
Contact of the organic layer with water was kept toa minimum. After removal of low-boiling 
material from the extracts, distillation under diminished pressure gave dichlorodi-p-fluorophenyl- 
methane (59%), b. p. 180—182°/26 mm. (Found: Cl, 25-7; F, 13-8. C,,;H,Cl,F, requires Cl, 
26:0; F, 13-9%). 

4: 4’-Difluorobenzophenone from Dichlorodi-p-fluorophenylmethane.—A solution of the 
chloro-compound (1-00 g.) in aqueous ethyl alcohol was boiled for a few minutes and then 
cooled. The deposited solid, recrystallised from light petroleum (b. p. 60—80°), gave 4: 4’- 
difluorobenzophenone (95%), m. p. 107—108° (Found: C, 71-7; H, 3-7; F, 17-4. Calc. for 
C,,;H,OF,: C, 71-6; H, 3-7; F, 17-4%). Bergmann, Hoffmann, and Meyer (loc. cit.) reported 
m. p. 109°. 

This ketone (5-53 g.), when refluxed for 2 hours with phosphorus pentachloride (5-25 g.), 
gave back the corresponding dichloro-compound (79%), b. p. 158°/15 mm. 

Difluorodi-p-filuorophenylmethane.—Dichlorodi-p-fluorophenylmethane (10-0 g.), antimony 
trifluoride (4-4 g.), and antimony pentachloride (0-5 g.) were heated to 160° for 4 minutes. The 
product was cooled and extracted with ether, and the ethereal extracts were washed very quickly 
with dilute hydrochloric acid and then with water, and dried (MgSO,), and the ether was removed. 
The residue, on distillation under diminished pressure, gave fractions (a) difluorodi-p-fluoro- 
phenylmethane (2-6 g.), b. p. 134—136°/15 mm., and (bd) (3-7 g.), b. p. 165—170°/15 mm. _ Frac- 
tion (b) solidified and when recrystallised from ethyl alcohol gave 4 : 4’-difluorobenzophenone, 
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m. p. and mixed m. p. 107—108°. Fraction (a), which did not contain chlorine, was hydrolysed 
extremely readily by moist air, water, or aqueous alcohol, with evolution of hydrogen fluoride, 
and formation of 4: 4’-difluorobenzophenone. 

1: 1:2: 2-Tetrachloro-1 : 2-diphenylethane. (This was mentioned by Karrer et al., loc. cit., 
but without details.)—Benzotrichloride (50-0 g.) was added to pyridine (200 c.c.), the mixture 
darkening and fumes being evolved; dry pyridine usually gives the best results, but is not 
essential. Copper powder (8-05 g.), prepared by addition of zinc dust to copper sulphate 
solution, was added gradually to the solution with stirring, so that, despite the vigorous reaction, 
the temperature remained below 70°. When cold, the solution was filtered from the mass of 
blue-green crystals of pyridine-cupric chloride complex, the precipitate was washed thoroughly 
with excess of ether, and the combined filtrates were washed with dilute hydrochloric acid, then 
water, dried (MgSO,), filtered, and distilled, to give a solid residue. (Alternatively the copper 
complex was washed with acetone, the combined filtrates were poured into excess of water, 
and the precipitate was filtered off, washed, and dried). The crude solid, recrystallised twice 
from alcohol, gave 1: 1 : 2: 2-tetrachloro-1 : 2-diphenylethane (65%), m. p. 161—162° (Found : 
Cl, 44-2. Cale. for C,,H,,Cl,: Cl, 44:39). Onufrowicz (Ber., 1884, 17, 833) recorded m. p 
162°. 

1 : 2-Dichloro-1 : 2-diphenylethane from Benzylidene Chloride-—A mixture of the chloride 
(25-0 g.), pyridine (100 c.c.), and copper powder (4-93 g.) was heated under reflux for 10 minutes 
before being worked up as before. The ethereal extracts, on evaporation, gave a liquid residue, 
distillation of which under diminished pressure gave (a) unchanged benzylidene chloride (17-2 g.), 
b. p. 82—86°/15 mm., and (b) a solid (5-1 g , b. p. 168—172°/15mm. _ Fraction (b) after recrystal- 
lisation from ethyl alcohol gave meso-1 : 2-dichloro-1 : 2-diphenylethane, m. p. 193° (Found : 
Cl, 28-8. Calc. for C,,H;,,Cl, : Cl, 28-29%). Zincke (Annalen, 1879, 198, 115) reported m. p. 
192—193° for the meso-compound, and m. p. 93—94° for the racemic form. 

1 : 2-Dichloro-1:1:2:2-tetraphenylethane and Tetraphenylethylene.—(a) Copper powder 
1-33 g.) was added gradually, with stirring, to a cooled solution of dichlorodiphenylmethane 
(10-0 g.) in pyridine (40c.c.). The mixture was filtered, the precipitate extracted with benzene 
ether, and the combined filtered extracts were washed, dried (MgSQ,), filtered, and distilled to 
leave a residue, which after recrystallisation from benzene—ethanol gave 1 : 2-dichloro-1 : 1:2: 2 
tetraphenylethane (69%), m. p. 181° (Found: Cl, 17-3. Calc. for C,g,H,,Cl,: Cl, 176% 
Schmidlin and von Escher (Ber., 1910, 43, 1153) recorded m. p. 186°. 

(b) The above experiment was repeated but with copper powder (2-66 g.) added in one 
portion, and after the initial vigorous reaction had subsided the mixture was refluxed for 
2 minutes. The product, isolated as above, was tetraphenylethylene (74%), m. p. 221° (Found : 
C, 93-8; H, 5-9. Calc. for C,,H,,: C, 93-9; H, 61%). Behr (Ber., 1870, 3, 751) gave m. p 
221 

(c) 1: 2-Dichloro-1 : 1: 2: 2-tetraphenylethane (5-0 g.), in pyridine (20 c.c.), treated with 
copper powder (0-79 g.) as in (b) above, gave tetraphenylethylene (90%), m. p. 221°. 

Tetra-p-fluorophenylethylene.—Dichlorodi-p-fluorophenylmethane (1-79 g.), pyridine (10 c.c.), 
and copper powder (0-42 g.) were refluxed for 3 minutes. Isolation as before gave, after re- 
crystallisation from alcohol, tetra-p-fluorophenylethylene. (60%), m. p. 189—-190° (Found: C, 
77-2; H, 44; F, 18-6. C,,H,,F, requires C, 77:2; H, 4-0; F, 18-8%). 

The olefin (0-15 g.) was boiled for 4 hours with chromic oxide (1 g.) in acetic acid (2 c.c.) 
and water (0-5c.c.), and the mixture poured into water and extracted in the usual way, affording 


t : 4’-difluorobenzophenone (30%), m. p. and mixed m. p. 107°. Riemschneider (‘‘ Pharmazie,’ 
Beiheft 2, Erginzungsband I, 1947, p. 99) mentioned this olefin, but without details. 

1: 1:2: 2-Tetrafluoro-1 : 2-diphenylethane.—(a) Antimony trifluoride (7-5 g.), antimony 
pentachloride (0-75 g.), and 1: 1: 2: 2-tetrachloro-1 : 2-diphenylethane (10-0 g.) were heated at 
200° until completely liquid (ca. 2 min.). The product, when cool, was extracted with boiling 
ether, the extracts were washed with dilute hydrochloric acid, then water, and after being 
dried (MgSO,) and filtered were distilled for removal of ether. Further distillation under 
diminished pressure gave 1:1: 2: 2-tetrafluoro-1 : 2-diphenylethane (46%), b. p. 145—150°/20 
mm., m. p. 122° (from ethyl alcohol) (Found: C, 65-9; H, 4-0; F, 29-6. C,,H,,F, requires C, 
66-1; H, 4-0; F, 29-99%). 

(b) Anhydrous hydrogen fluoride was passed into a mixture of the tetrachloride (40-0 g.), 
mercuric oxide (68-0 g.), and benzene (320 c.c.) which was stirred in a nickel vessel cooled in 
water at 15—20°. After 16 hours’ stirring, the mixture was poured into ice-water and neutralised 
with sodium hydroxide, and the precipitate filtered off, dried, and extracted with boiling ben- 
zene. The extracts and the original benzene layer were combined, washed, dried (MgSO,), and 
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distilled. The residue was sublimed at 15 mm. and the sublimate recrystallised from ethyl 
alcohol to give 1:1: 2: 2-tetrafluoro-1 : 2-diphenylethane (56%), m. p. 122—123°, identical 
with the material prepared as in (a). Balon and Tinker (U.S.P. 2,238,242) recorded that treat- 
ment of this tetrachloro-compound with anhydrous hydrogen fluoride at 100° gave a product 
with the same m. p. (122—123°), which they claimed was 1 : 2-difluorodiphenylethylene. 

(c) 1: 1:2: 2-Tetrafluoro-1 : 2-diphenylethane (0-26 g.) was heated at 100° for 2 hours with 
concentrated sulphuric acid (1-0 c.c.). Pouring into water, etc., and recrystallisation from 
ethyl alcohol gave benzil (23%), m. p. and mixed m. p. 94° (Found: C, 79-9; H, 4:8. 
for C,,H,,O,: C, 80-0; H, 48%). 

Bistrifluoromethylbenzenes and 1: 3: 5-Tristrifluoromethylbenzene.—Bistrichloromethy]- 
benzene (0-3—1 mol.), prepared by chlorination of commercial xylene, gave bistrifluoromethy]- 
benzene by treatment in an autoclave with anhydrous hydrogen fluoride (about 50° excess) at 
150—200° for 15—20 hours. The product (yield, 25%) had b. p. 114—118° (Found: F, 53-1. 
Calc. for C,H,F,: F, 53-25%). Murray et al. (loc. cit.) gave b. p. 113—116-5°. The use of 
antimony trifluoride or antimony trifluoride + antimony pentachloride for the fluorination 
gave the same product in poorer yields. 

1 : 3: 5-Tristrifluoromethylbenzene, prepared (yield 18%) from the chloro-compound with 
antimony trifluoride—antimony pentachloride, had b. p. 118—120° (Found: F, 60-0. 
C,H,F,: F, 60-6%). McBee and Leech (loc. cit.) reported b. p. 119-6°. 

Chlorofluoro-derivatives of Ethylbenzene.—(Pentachloroethyl)benzene (100 g.) treated with 
antimony trifluoride (80 g.) and antimony pentachloride (8 g.) at 250°, the product being worked 
up in the usual way, gave (dichlorotrifluoroethyl) benzene (21%), b. p. 78—82°/15 mm. (Found : 
Cl, 31:0; F, 24-5. Calc. for C,H,CI,F,: Cl, 31-0; F, 24-99%), and (trichlorodifluoroethyl)- 
benzene (47%), b. p. 98—102°/15 mm. (Found: Cl, 43-2; F, 15-6. Calc. for C,H,Cl,F,: Cl, 
43-3; F, 15-5%). From a similar reaction at 150 


Calc. 


Calc. for 


‘ , there was isolated, in addition to the latter 
product (60% ),(tetrachlorofluoroethyl) benzene (6%), b. p. 118—122°/15 mm. (Found : Cl, 53-9; 
F, 7-4. Calc. for CgH,Cl,F: Cl, 54:1; F, 7-°3%). Simons and Herman (loc. cit.) gave b. p.s 
94—95°/42 mm., 100—102°/15 mm., and 123—126°/14 mm. respectively for these products. 

The authors acknowledge their indebtedness to the late Professor Sir Norman Haworth, 
F.R.S., for his interest in this work. 
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920. Olefinic Acids. Part VIII.* «-Bromocyclohexylideneacetic 
Acid, 
By D. D. E. NEwMAN and L. N. OWEN. 


Dehydrobromination of 1 : «-dibromocyclohexylacetic acid with pyridine 
or aqueous alkali gives mainly w-bromomethylenecyclohexane, but with sodium 
ethoxide «-bromocyclohexylideneacetic acid is obtained. The main product 
of the reaction of the latter acid with sodium methoxide is cyclohex-l-enyl-a- 
methoxyacetic acid, the structure of which is rigidly proved; it shows 
anomalous light absorption. A very small amount of cyclohexylidene-c- 
methoxyaceticacid is probably also formed. The effect of the methoxy 
group on the «$—fy-equilibrium appears to be anomalous. 

Syntheses of cyclohexyl-«-methoxyacetic, cyclohexyl-«-ketoacetic, and 1- 
hydroxy-2-methoxycyclohexylacetic acid are described ; dehydration of the last 
with acetic anhydride gives a mixture of «f- and @y-unsaturated lactones. 


In Part IV (Owen and Sultanbawa, J., 1949, 3089) it was shown that the formation of 
a-methoxy-$8-dimethylacrylic acid (IV) by treatment of «-bromo-$$-dimethylacrylic acid 
(I) with methanolic sodium methoxide occurred, not by direct nucleophilic replacement of 
the bromine atom, but by a succession of prototropic changes via the By-unsaturated acids 
(II) and (III). The final product consisted mainly of (IV), and the equilibrium mixture 
(III) == (IV), approached from either side, contained about 90% of (IV). Although no 


* Part VII, J., 1949, 3109 
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such direct proof has been obtained in the corresponding reaction with «-bromocrotonic 
acid (Part 1; Owen, J., 1945, 385), there can be little doubt that a similar series of changes 
occurs, the only difference being that the mobility is probably greater, and the final 
CMe,!CBr-CO,H —> CH,!CMe-CHBr-CO,H —-> CH,:CMe-CH(OMe)-CO,H —-> CMe,:C(OMe)-CO,H 
(I) (11) (II1) (IV) 


equilibrium lies even more on the «$-side, so that no «-methoxy-$y-unsaturated isomer is 
isolated. In both of these cases, the alkali-catalysed equilibria of the parent unbrominated 
compounds ($$-dimethylacrylic and crotonic acids) are entirely in favour of the «$-un- 
saturated forms (Kon and Linstead, J., 1925, 127, 616; Linstead and Noble, J., 1934, 614), 
and it was therefore of interest to examine the behaviour of an «-bromo-«$-unsaturated 
acid the unbrominated parent of which showed a greater tendency towards isomerisation 
into the ¢y-unsaturated form. «-Bromo-y-methoxycrotonic acid, which fulfils such 
a requirement, had already been investigated (Owen and Sultanbawa, J., 1949, 3105), 
but owing to its very high reactivity and its tendency to polymerise, the results were not 
clearly defined. «-Bromocyclohexylideneacetic acid was therefore chosen, since the 
equilibrium mixture of cyclohexylideneacetic acid (V) and cyclohex-l-enylacetic acid (VI) 
contains about 88%, of the latter (Linstead, a 1927, 2579). 

lhe dehydrobromination of 1 : «-dibromocyclohexylacetic acid (VII) has not previously 
been studied, although Wallach (Annalen, 1907, 353, 289) and Ingold, Oliver, and Thorpe 
(J., 1924, 125, 2136) reported that with aqueous alkali it underwent profound decomposi- 
tion. Bromo-olefins are often formed in such reactions (Farrell and Bachmann, J. Amer. 
Chem. Soc., 1935, 57, 1281) and we found that treatment of (VII) with cold dilute sodium 
hydroxide or with pyridine results in dehydrobromination and decarboxylation, to give 
mainly w-bromomethylenecyclohexane (VIII); the structure of this was confirmed by 
oxidation with potassium permanganate to cyclohexanone. With cold ethanolic sodium 
ethoxide, however, (VII) gave the required «-bromocyclohexylideneacetic acid (IX) in 
85°, vield; this showed light-absorption maxima at 2260 and 2500 A of roughly equal 
intensity (e ca. 4000), in marked contrast to the parent acid (V), which has a high-intensity 
band at 2260 A (e 13,200). 

Preliminary experiments showed that the bromo-acid (IX) was much less reactive 
towards methanolic sodium methoxide than any of the «-bromo-«$-unsaturated acids 
previously studied. Complete liberation of bromide ion was complete in 15 hours with the 


Br 
Ct 


—CH,CO,H j=CH-CO,H \-CHBr-CO,H ( \=CHBr 
YY (VID LY) (Vv) ——> \Y (vt) — (VIII) 


CHO 


a 7 . 
CO-CH(OMe)-CO,H (\cH(OMe)-CO,H /\NcHBr-CO,H O CBr-CO,H 
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(XIV) <— (XI) <—— \/ (x) <— (IX) 


CO-CH,"OMe oO--CoO 
CH-OMe 


/=C(OMe):CO,H CH(OMe)CO,H_ = )\—CH(OH)-CO,H 
(xv) \/Acxve) \/ (xvn ./ @ib~e~n \/ aan 

Y 
CCI-CO,Et CHCI-CO,Et -—CH(OH)-CO,H )—CO-CO,H 
(XIX (XX) > EXI) <a> / (XVII) 


\ A 
boiling 5N-reagent, and cyclohex-l-enyl-a-methoxyacetic acid (XI) was isolated in good 


yield. The methoxy-group was shown to be in the «-position by hydrogenation of the 
product to cyclohexyl-a-methoxyacetic acid (XII), which was independently synthesised by 
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methylation of cyclohexyl-a-hydroxyacetic acid (XIId) (prepared by a new route, the 
hydrolysis of ethyl «-bromocyclohexylacetate) with methyl iodide and silver oxide, followed 
by hydrolysis of the resulting methyl ester. Attempts to synthesise (XII) by reaction of 
ethyl «-bromocyclohexylacetate with sodium methoxide gave mixtures of methoxy- and 
unsaturated ester, from which, after hydrolysis, (XII) could be isolated only in an impure 
state. The fact that the methoxy-acid (XI) gave no ketonic derivative on prolonged 
treatment with 2 : 4-dinitrophenylhydrazine in aqueous sulphuric acid showed that the 
double bond could not be in the «$-position, and this was confirmed by ozonolysis to carbon 
dioxide and, in poor yield, an unsaturated ketone. This was isolated as the semicarbazone, 
the analysis and light-absorption properties of which agreed with its formulation as a 
derivative of methoxymethy] cyclopent-l-enyl ketone (XV), formed by intramolecular aldol 
type condensation of the initial keto-aldehyde (XIV). Oxidation of (XI) was also per 
formed with cold aqueous permanganate, adipic acid being formed; since cyclohexanone is 
unaffected under these conditions (Fraser and Kon, /., 1934, 606) this confirms the endo 
cyclic position of the double bond. 

The light-absorption of (XI), however, is anomalous in that it shows a low-intensity 
maximum at 2260 A (e 1000); since the band persists with the same intensity in samples 
of the methoxy-acid prepared as above or exhaustively recrystallised or regenerated from 
the crystalline sodium or S-benzylthiuronium salts, the absorption is a genuine property of 
the acid. The methyl ester, prepared with diazomethane, showed similar light-absorption 
properties. 

Although the «-methoxy-fy-unsaturated acid (X1) is undoubtedly the main product in 
the reaction of (IX) with sodium methoxide, indirect evidence has been obtained fo1 
the formation, in small proportion, of the «$-unsaturated isomer (XVI). The crude 
distilled acid, before recrystallisation, showed a light-absorption maximum at 2640 A 
(¢ 100—350 in various experiments), which was also present in the oily acid obtained by 
evaporation of the mother-liquors from the crystallisation ; this is approximately the wave- 
length expected for the structure (XVI). In order to concentrate this component, the 
reaction mixture from (IX) was evaporated to dryness, and the residue dissolved in water, 
and cautiously acidified; the sparingly soluble acid salt, CgH,,03,CgH,,0,Na, of (XI) was 
precipitated and removed; the residual solution was further acidified, and the liberated 
acid was converted into the methyl ester. Fractional distillation failed to separate the 
a8- and Sy-unsaturated esters, but the distillate, which gave correct analyses for Cy9H¢Qz, 
had a considerably higher refractive index than that of the methyl ester of the pure #y-un- 
saturated acid (XI), and showed a light absorption maximum at 2640 A (e 2500); this 
affords strong evidence for the presence of some «$-unsaturated ester, though the amount 
corresponded to a proportion of only about 5°% in the original reaction product. Attempts 
were made to confirm the formation of (XVI) by acid hydrolysis, and detection as cyclohexy]- 
a-ketoacetic acid (XN VII), which was synthesised for comparison by oxidation of cyclohexyl] 
a-hydroxyacetic acid (XIII) and characterised as the 2 : 4-dinitrophenylhydrazone. How 
ever, apart from unchanged cyclohex-l-enyl-a-methoxyacetic acid, the only substance 
obtained by treatment of a reaction product with cold N-hydrochloric acid was the corre- 
sponding lactone (XVIII). Acid hydrolysis of the enriched methyl ester, described above, 
did result in the formation of a keto-acid, since a small amount of a 2 : 4-dinitropheny] 
hydrazone was isolated which was soluble in sodium hydrogen carbonate solution, but the 
presence of other decomposition products made purification impracticable. 

Prolonged treatment of the pure #y-unsaturated acid (XI) with sodium methoxide at 
100° failed to isomerise it appreciably to (XVI). This can hardly be due to low mobility, 
since the presence of the methoxy-group (—J) would be expected to increase the mobility 
relative to the unsubstituted acid (VI), which is readily equilibrated under such conditions. 
The equilibrium between (XI) and (XVI) must therefore lie almost entirely in favour of 
(XI), and since the equilibrium (V) =» (VI) contains about 88°, of the Sy-form it appears 
that the presence of the methoxy-group in the «-position results in an increased proportion 
of that form. In the crotonic acid series the presence of a methoxy-group in the y-position 
resulted in a very large shift in equilibrium to the By-side (Part V; Owen and Sultanbawa, 
J., 1949, 3098) and this was attributed to the +M effect; in the present case this should 
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favour the «3-form, and the behaviour of the methoxy-group therefore appears to be 
anomalous. It is cognate that an a«-methyl group, which normally favours the «8-form 
(because hyperconjugation is then possible), apparently favours the ®y-form in certain 
cyclohexylidene derivatives, though not in the acids (Kon and Thakur, J., 1930, 2217). 
Consideration of our earlier results in the dimethylacrylic acid series (Part IV, loc. cit.) 
reveals a similar anomaly in that relatively to the parent acid (100% «$-form at equilibrium) 
the a-methoxy-acid contained a greater equilibrium proportion (ca. 10%) of ®y-unsaturated 
isomer. 

Although the present experiments do not prove chemically that the unsaturated methoxy- 
acid is derived, not by the route (IX) —~> (XVI) (XI), but from the intermediate 
a-bromo-fy-unsaturated acid (X), the second-order rate constants, calculated from the 
liberation of bromide ion, provide some confirmation that the direct substitution of halogen 
in (IX) does not occur. During the reaction, sodium bromide gradually crystallised 
from the solution, thus resulting in a diminution in ionic strength; such a change should 
result in a slight increase in the rate of a bimolecular substitution reaction, whereas the 
reverse was found. In the mechanism proposed, the rate-controlling stage would certainly 
be the isomerisation (IX) -—» (X), which in the transition state (attack by OMe~) would 
show a concentration of charge and would therefore be affected by change of ionic strength 
in the way actually found (cf. Beste and Hammett, J. Amer. Chem. Soc., 1940, 62, 2481; 
Cooper, Dhar, Hughes, Ingold, MacNulty, and Woolf, J., 1948, 2043). 

The liberation of bromide ion from «-bromocyclohexylideneacetic acid with aqueous 
4n-sodium hydroxide was slow (11% in 2 hours at 100°; cf. Parts I and IV, locc. cit., for 
curves showing the reactivities of «-bromocrotonic and a-bromo-$$-dimethylacrylic acid). 
Prolonged heating, or the use of more concentrated alkali, resulted in extensive polymeris- 
ation and no identifiable product. This is interesting in view of Darzens and Lévy’s claim 
(Compt. rend., 1937, 204, 272) that aqueous alkali hydrolyses ethyl «-chlorocyclohexylidene- 
acetate (XIX) to cyclohexyl-a-ketoacetic acid (XVII) (the latter was not isolated, but was 
decarboxylated to cyclohexylformaldehyde, identified as the semicarbazone). The reaction 
was assumed by them to proceed directly, but it is clear from our work that the only 
reasonable course would involve rearrangement to give the Sy-isomer (XX), or the corre- 
sponding acid, followed by hydrolysis to (X XI) and a further prototropic change. Never- 
theless, in view of the low reactivity of the bromo-acid (IX) towards hydrolysis with 
aqueous alkali, such a reformulation seems inadequate, since the corresponding chloro- 
compound would probably be even less reactive. Darzens and Lévy, however, recorded 
no yields, and gave no proof that the material hydrolysed had the structure (XIX); it was 
prepared by dehydration of ethyl «-chloro-l-hydroxycyclohexylacetate with phosphoric 
oxide, and it is probable that under these conditions (cf. Kon and Nargund, J., 1932, 2461) 
the main product would be ethyl «-chlorocyclohex-l-enylacetate (XX), from which the 
keto-acid would readily be formed by the route outlined above. 

With the object of synthesising 2-methoxycyclohexylideneacetic acid, an analogue of 
y-methoxycrotonic acid (Part V, loc. cit.), 2-methoxycyclohexanone was condensed with 
ethyl bromoacetate in the Reformatsky reaction to give ethyl 1-hydroxy-2-methoxycyclo- 
hexylacetate. Hydrolysis then gave the free acid (XXII) which was dehydrated by 
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CH,°CO,H . }—+CH,°CO,H *—CH ,CO,H 
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heating with acetic anhydride, but instead of the expected «$-unsaturated acid the lactones 
(XXIII) and (XXIV) were obtained. These were separated by virtue of the difference in 
their behaviour towards regeneration from the salts of the corresponding acids. By heating 
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the mixture with 2n-sodium hydroxide for just sufficient time (so as to avoid extensive 
a8—Sy-isomerisation) to dissolve the lactones, and then acidifying the solution, some of the 
«f-unsaturated lactone (XXIII) was regenerated, whilst the Sy-unsaturated isomer (X XIV) 
was entirely converted into 2-ketocyclohexylacetic acid (X XV), identified as the semicarb- 
azone and 2: 4-dinitrophenylhydrazone. The light-absorption properties of (XXIII) 
were very similar to those of cyclohexylideneacetic acid. The formation of the lactone 
(XXVII) from the $-hydroxy-y-methoxy-acid (XXVI) (Rubin, Paist, and Elderfield, J. 
Org. Chem. 1941, 6, 260) provides an analogy for the above transformations. 

The reaction of 2-methoxycyclohexanone with 2 : 4-dinitrophenylhydrazine has been the 
subject of controversy. In our hands, reaction with 1-1 mols. of the reagent gave as the 
major product the red 2 : 4-dinitrophenylosazone of cyclohexane-1 : 2-dione, m. p. 220— 
221° (Adkins and Rossow, J. Amer. Chem. Soc., 1949, 71, 3836), accompanied by a very 
small amount of the yellow 2 : 4-dinitrophenylhydrazone, m. p. 135°, of 2-methoxycyclo- 
hexanone (Ferrante and Bloom, Amer. J. Pharm., 1933, 105, 381). 


EXPERIMENTAL 


cycloHexylideneacetic acid, prepared by the dehydration of 1-hydroxycyclohexylacetic 
acid (from the ethyl ester; Org. Reactions, 1942, 1, 17) with acetic anhydride (Wallach, Annalen, 
1909, 365, 261), separated from light petroleum (b. p. 60—80°) in needles, m. p. 90—91°. Light 
absorption in ethanol: max. 2260 A (e 13,200). 

cycloHexanone and keten in the presence of boron trifluoride (cf. U.S.P. 2,382,464) gave 
cyclohex-l-enylacetic acid, m. p. 36—37°, as the only acidic product (Found: equiv., 142. 
Calc. for C,H,,0,: equiv., 140) (1 : 2-dibromide, m. p. 119—120°). 

1 : a-Dibromocyclohexylacetic Acid.—Bromine (15-9 g.) in glacial acetic acid (30 c.c.) was 
added during 1 hour to cyclohexylideneacetic acid (13-5 g.) in glacial acetic acid (80 c.c.), at 15° 
(cooling). Acetic acid was removed at 50°/15 mm. and the crushed solid residue was washed 
twice with light petroleum (30 c.c.). Recrystallisation from light petroleum (b. p. 80—100°) 
gave large prisms of the dibromo-acid (19 g., 65%), m. p. 136—137°. 

Action of Aqueous Sodium Hydroxide on 1: a-Dibromocyclohexylacetic Acid.—The acid 
(2-0 g.) was shaken vigorously in 0-12N-sodium hydroxide (200 c.c.) for 1 hour. The turbid 
alkaline solution was then extracted thrice with ether. After evaporation of the dried (CaCl,) 
ethereal extracts, the residual oil was fractionally distilled to give w-bromomethylenecyclohexane 
(0-88 g.), a colourless liquid with a characteristic odour, b. p. 75—76°/15 mm., nj? 1-5165 (Found : 
C, 48-3; H, 6-2; Br, 45-3. C,H,,Br requires C, 48-0; H, 6-3; Br, 45-6%). A faint turbidity 
only was produced when the bromo-olefin was warmed with alcoholic silver nitrate. 

The alkaline solution remaining after extraction with ether was acidified with Nn-hydro- 
chloric acid; no material was extracted with ether. 

Action of Pyridine on 1 : «-Dibromocyclohexylacetic Acid.—The acid (1-0 g.) in pyridine (5 c.c.) 
was heated at 60—65° for an hour; carbon dioxide was evolved and pyridine hydrobromide was 
gradually precipitated. The cooled product was diluted with water and was extracted with 
ether. The extracts were washed successively with dilute hydrochloric acid, water, and aqueous 
sodium carbonate, and then dried (Na,SO,) and evaporated, to give crude w-bromomethylene- 
cyclohexane (0-24 g.), njp 1-5420. 

Acidification of the sodium carbonate washings, followed by extraction with ether, gave no 
acidic material. 

Oxidation of w-Bromomethylenecyclohexane.—w-Bromomethylenecyclohexane (0-21 g.) was 
shaken with potassium permanganate (0-38 g.) in water (20 c.c.) for 2 hours at room temperature 
and the whole distilled in steam, 10 c.c of distillate being collected. This had a strong odour of 
cyclohexanone, and on treatment with aqueous 2: 4-dinitrophenylhydrazine sulphate gave the 
2 : 4-dinitrophenylhydrazone (0-17 g.), yellow plates, m. p. and mixed m. p. 160° from ethanol. 

a-Bromocyclohexylideneacetic Acid.—To a _ well-stirred solution of 1 : «-dibromocyclo- 
hexylacetic acid (12-5 g.) in absolute ethanol (50 c.c.), at —15°, was added ice-cold ethanolic 
sodium ethoxide (from sodium, 2-15 g., and absolute ethanol, 30.c.c.). The stirred mixture was 
allowed to attain room temperature during 16 hours. The ethanol was then removed at <50° 
and the residue was dissolved in water, filtered, and extracted thrice with ether to remove 
decarboxylated material. Acidification of the aqueous layer (from which dissolved ether had 
been removed) with 2N-sulphuric acid gave a white precipitate of «-bromocyclohexylideneacetic 
acid (7-8 g.) which was washed free from inorganic salts with water. The acid crystallised from 
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light petroleum (b. p. 60—80°) in colourless prisms, m. p. 120° (Found: C, 44-2; H, 5-2; Br, 
36-2%; equiv., 219. C,H,,O,Br requires C, 43-9; H, 5-1; Br, 36-5%; equiv., 219). Light 
absorption in ethanol : max. 2260, 2420, 2470, 2510 A (e 3700, 3300, 4100, and 4100 respectively). 
The p-bromophenacyl ester crystallised from ethanol in needles, m. p. 113° (Found : C, 46-5; 
H, 4:0. C,,H,,0,Br, requires C, 46-2; H, 3-9%). 
Rate of Reaction of «-Bromocyclohexylideneacetic Acid with Methanolic Sodium Methoxide 
A known weight of the acid (0-0005—0-001 mole) was heated with 3 equivs. of 3-0N-methanolic 
sodium methoxide in a sealed glass tube immersed in boiling methylated spirit (80°) for a known 
time (3—100 hours). The tube was then broken under water (30c.c.). The solution was made 
slightly acid (Congo-red) with dilute nitric acid and extracted with ether. The aqueous solution 
was neutralised with calcium carbonate and titrated with 0-1N-silver nitrate, 1 c.c. of 5% 
aqueous potassium chromate being used as indicator. 


Wt. of 3-0N-NaOMe Time 0-1013N-AgNO, Reaction 104k, (mole | 

acid, g MeOH (c.c.) (hours) (c.c.) , min.~') 

0-2132 0-97 3 ; 2-4 

0- 1868 O-B5 16 30 2-0 

1476 0-67 27 43 2-0 

0-1642 0-75 §2 60 1-8 
78 1-8 


Ut te 


2051 0-94 95 


~Ie tote 
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Blank determinations with 0-0005—0-001 mole of potassium bromide and 0-1 g. of benzoic 
acid indicated an accuracy of +2° for the estimation of bromide ion. 

Products of the Reaction of «-Bromocyclohexylideneacetic Acid with Methanolic Sodium 
Methoxide.—(i) «-Bromocyclohexylideneacetic acid (0-99 g.) and 5N-methanolic sodium meth- 
oxide (10 c.c.) were boiled under reflux for 24 hours; after 4 hour the clear solution began to 
deposit sodium bromide. Methanol was then removed under reduced pressure. The residue 
was dissolved in water (200 c.c.), extracted with ether to remove any decarboxylated material 
(evaporation of the extracts left no residue), acidified with dilute nitric acid, and immediately 
extracted with ether. The aqueous layer was separated, diluted to 500 c.c., neutralised with 
calcium carbonate, and titrated against silver nitrate solution by the Mohr method; 50 c.c 
required 4-93 c.c. of 0-0935N-AgNO,, corresponding to 102% of bromide ion. 

Evaporation of the dried (Na,SO,) ethereal extracts gave a liquid which on distillation 
afforded a waxy solid (0-62 g.), b. p. 130° (bath)/0-2 mm., m. p. 40—53° (Found: C, 62-9; 
H, 8°35%) Light absorption in ethanol: max. 2260, 2580, and 2640 A (e 1150, 340, and 340 
respectively). Several recrystallisations from light petroleum (b. p 40—60°) gave cyclohex-1- 
enyl-x-methoxyacetic acid (0-4 g. after one crystallisation), m. p. 59—60° (Found: C, 63-4; 
H, 8:3%; equiv., 172. C,H,,O, requires C, 63-5; H, 8-3%; equiv., 170). Light absorption in 
ethanol: max. 2260 A (e 1100). The m. p. and light-absorption properties were unchanged 
after repeated recrystallisation. E-vaporation of the mother-liquors gave an oily acid, which 
showed light absorption max. at 2260 and 2640 A (c 1200 and 1400 respectively), suggesting the 
presence of some «$-unsaturated material 

The crystalline acid gave an S-benzylithiuronium salt, plates (from ethanol), m. p. 179 
(Found: C, 60-8; H, 7-3. C,,H.O,N,5 requires C, 60-7; H, 7-2%). 

Che methyl ester, prepared by diazomethane in ether, had b. p. 125°/16 mm., 90°/0-5 mm., 
ny; 1-4712 (Found: C, 64-9; H, 8-75. C,,H,.03 requires C, 65-2; H, 8:75%). Light absorp- 
tion: max. 2260 A (e 1300). 

ii) x-Bromocyclohexylideneacetic acid (5-14 g.) was treated with methanolic sodium meth- 
oxide as above, and after removal of methanol under reduced pressure the residue was dis- 
solved in water (100 c.c.). Careful acidification with 6N-hydrochloric acid, with cooling, 
precipitated the sodium acid double salt, CgH,;0°CO,H,C,H,,0°CO,Na, which separated from 
water in feathery needles, m. p. 201—202° (Found : Na, 6-9. C,,H,;0,Na requires Na, 6-35°%), 
soluble in excess of water to give an acid solution, but insoluble in ether. It dissolved readily in 
dilute alkalis and with dilute hydrochloric acid was converted into cyclohex-l-enyl-x-methoxy- 
acetic acid, which after isolation in the usual manner had m. p. 59—60° (Yield, 2-15 g.). Light 
absorption in ethanol: max. 2260 A (e 1100). 

The aqueous filtrate which remained after removal of the precipitated acid sodium salt 
was further acidified and extracted with ether. Evaporation of the dried (Na,SO,) extracts 
gave an oil which was treated with ethereal diazomethane. Distillation of the product gave 
a middle fraction (0-3 g.), b. p. 120°/15mm., nf 1-4767; light absorption max., 2260 and 2650 A 
(c 2200 and 2500 respectively) (Found: C, 65-0; H, 85. Calc. for C,gH,,0,;: C, 65-2; H, 
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8-75°%), which was probably a mixture of methyl cyclohex-l-enyl-x-methoxyacetate and methyl 
cyclohexylidene-«-methoxyacetate, containing ca. 40% (=3% yield) of the latter. 

(iii) «-Bromocyclohexylideneacetic acid (4-5 g.) was heated under reflux for 24 hours with 
5n-methanolic sodium methoxide (45 c.c.). The mixture was cooled, diluted with water 
(200 c.c.), and extracted with ether. Evaporation of the dried (Na,SO,) extracts left no residue. 
Sufficient 6N-hydrochloric acid was added to the aqueous portion to make it approximately a 
n-acid solution, and it was set aside for 16 hours to hydrolyse any enol-ether. It was then 
extracted with ether and the dried (Na,SO,) extract was evaporated to give an oily residue which 
was fractionally distilled. The first fraction (0-5 g.), b. p. 60—63°/0-1 mm., on redistillation 
gave the lactone of 2-hydroxycyclohexyl-a-methoxyacetic acid, b. p. 120°/30 mm., nif 1-4710 
(Found: C, 64-4; H, 8-65. C,H,,O, requires C, 63-5; H, 8-3), insoluble in aqueous sodium 
hydrogen carbonate solution, but soluble in warm 2Nn-sodium hydroxide. The second fraction, 

p. 90—100°/10°* mm., was cyclohex-l-enyl-«-methoxyacetic acid. No ketonic compounds 
were detected in the products. 

Ozonolysis of cycloHex-1-enyl-a-methoxyacetic Acid.—The acid (2-17 g.) was ozonised in dry 
carbon tetrachloride (20 c.c.) at 0° until ozone was no longer absorbed Removal of the solvent 
at 20°/15 mm. gave an oily yellow ozonide which was decomposed by heating it at 100° with 
2n-sulphuric acid (25 c.c.) for } hour; considerable evolution of carbon dioxide occurred. The 
solution was then distilled in steam and the distillate (200 c.c.) was extracted with ether 
Evaporation of the dried (Na,SO,) extracts gave an oil; this gave a deep red 2: 4-dinitro- 
phenylhydrazone which could not be purified and a biscuit-coloured semicarbazone. Re- 
crystallisation from benzene gave the semicarbazone of pe eT cyclopenteny! ketone, 
m. p. 192—193° (decomp.) (Found: C, 55-0; H, 7-8; N, 21:3. ~gH ,,O2N, requires C, 54-8; 
H, 7:7; N, 21-3%). Light absorption in ethanol: max. 2740 A (e m7 000) 

Permanganate Oxidation of cycloHex-1-enyl-a-methoxyacetic Acid.—Potassium permanganate 
(2-51 g.) in water (150 c.c.) was added during 1 hour to a vigorously stirred suspension of the 
acid (0-81 g.) in water (50c.c.) at 0°. The mixture was kept at 0° for 72 hours and filtered from 
manganese dioxide. The colourless filtrate was made more strongly alkaline by the addition 
of 2n-sodium hydroxide, and extracted with ether. Evaporation of the dried (Na,SO,) extracts 
left no residue. The aqueous layer was acidified and continuously extracted with ethe 
Evaporation of the dried (Na,SO,) extracts left a solid, which when crystallised from ethyl 
acetate gave adipic acid (0-21 g.), m. p. and mixed m. p. 151 

Hydrogenation of cycloHex-1-enyl-x-methoxyacetic Acid.—cycloHex-1-enyl-«-methoxyacetic 
acid (1-0 g.) was suspended in water (15 c.c.) and brought to pH 9 by the addition of sodium 
carbonate. A 10% palladium-charcoal catalyst (0-4 g.) was added, and the mixture was 
completely hydrogenated at room temperature and pressure (6 hours). After filtration, the 
solution was acidified and extracted with ether. Evaporation of the dried (Na,SO,) extracts 
gave a crystalline residue which was crushed on a porous tile to remove some oil. The residue 
(0-9 g.), m. p. 60—62°, recrystallised four times from pentane, gave needles of cyclohexyl-a- 
methoxyacetic acid, m. p. and mixed m. p. 67° os a specimen obtained as below (Found: C, 
62-7; H, 9:3. C,H,,O, requires C, 62-8; H, 9-3% 

Ethyl «-Bromocyclohexylacetate.—Ethy] « ees xy ylacetate, b. p. 42—43°/0-2 mm., n}? 1-4470, 
was prepared in 86% yield by hydrogenation (Raney nickel) of ethyl phenylacetate at 150°/200 
atm.; hydrolysis with alcoholic sodium hydroxide gave cyclohexylacetic acid, b. p. 75°/0-3 mm., 
m. p. 26—27°, which was converted into the «-bromo-ester, b. p. 86—87°/0-4 mm., nj? 1-4848, 
by Braun’s method (Ber., 1923, 56, 2183). 

cycloHexyl-a-hydroxyacetic Acid.—Ethyl a-bromocyclohexylacetate (12-5 g.) was heated 
on the steam-bath for 16 hours with 2-5n-sodium hydroxide (100 c.c.) and pure dioxan (50 c.c.). 
Dioxan was then removed under reduced pressure and the residual solution was treated with a 
slight excess of 2N-hydrochloric acid. The precipitated cyclohexyl-x-hydroxyacetic acid was re- 
crystallised from hot water (yield, 5-7 g.; m. p. 135°). Freudenberg, Brauns, and Siegel (Ber., 
1923, 56, 197) give m. p. 134—135°. The aqueous mother-liquors were extracted with ether 
and after evaporation of the dried (Na,SO,) extracts the residual crystalline mass was heated 
for 1 hour at 100°/0-2 mm., to remove unsaturated products. Recrystallisation of the residue 
from hot water gave a further 0-6 g. of hydroxy-acid, m. p. 135° (total yield, 80%). 

Methyl cycloHexyl-a-methoxyacetate.—Freshly prepared dry silver oxide (12 g.) was added in 
small portions to cyclohexyl-a-hydroxyacetic acid (2-05 g.) and dry methyl iodide (20 g.) with 
shaking. Finally the mixture was heated under reflux at 65° for 2 hours, and the product 
was extracted with ether and filtered. After evaporation, benzene was added and water was 
removed by azeotropic distillation. The residue was then re-methylated with half the above 
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quantities of methyl iodide and silver oxide. The product was distilled, to give methyl cyclo- 
hexyl-a-methoxyacetate (1-48 g.), b. p. 120°/30 mm., nj} 1-4520 (Found: C, 64-4; H,9-9. C,,H,,0, 
requires C, 64:5; H, 9-7%). 

cycloHexyl-a-methoxyacetic Acid.—The above methyl ester (1:32 g.) was hydrolysed for 2 
hours with 2-5n-sodium hydroxide (20 c.c.) in boiling ethanol (15c.c.). The cooled solution was 
extracted with ether and acidified with 2N-sulphuric acid. Extraction with ether and evapor- 
ation of the dried (Na,SO,) extracts gave a crystalline residue which was distilled at 80° (bath) /0-1 
mm. The product (1-12 g., 92%), recrystallised from light petroleum (b.p. 40—60°), gave needles, 
m. p. 67°, of cyclohexyl-«-methoxyacetic acid, identical with the material described above. 

The p-bromophenacyl ester separated from ethanol as needles, m. p. 70° (Found: Br, 21-6. 
C,,H,,0,Br requires Br, 21-6%). 

Reaction of Ethyl «-Bromocyclohexylacetate with Methanolic Sodium Methoxide.—Ethyl 
a-bromocyclohexylacetate (6-4 g) was refluxed for 16 hours with 2N-methanolic sodium methoxide 
(50 c.c.). The solution was then poured into water (500 c.c.) and immediately extracted with 
ether. Distillation of the dried (Na,SO,) ethereal extracts gave fractions of continually decreas- 
ing refractive index (nl? 1-4643—1-4568), the last of which showed the least unsaturation 
towards neutral potassium permanganate. This liquid ester (0-4 g.), b. p. 97—98°/15 mm., was 
hydrolysed to the free acid which was stirred with 1% aqueous potassium permanganate at 
— 10° for 3 hours to destroy the unsaturated material. Isolation of the product gave a solid acid 
which softened below 50° and had m. p. 55—62°, raised to 58—65° on admixture with cyclo- 
hexyl-«-methoxyacetic acid. 

cycloHexyl-a-hetoacetic Acid.—cycloHexyl-«-hydroxyacetic acid (1-30 g.) was neutralised with 
2n-sodium hydroxide, and potassium permanganate (0-87 g.) in water (50 c.c.) was added slowly 
with vigorous stirring at —15°. The solution was then allowed to attain room temperature, 
stirring being continued, and then stored for 12 hours at 0° and filtered from manganese dioxide. 
After acidification the colourless filtrate was continuously extracted with ether. Distillation of 


the dried (Na,SO,) extracts gave impure cyclohexyl-«-ketoacetic acid (0-30 g.), b. p. 98°/10 mm., 


m. p. 45—49°, probably contaminated with some cyclohexylformaldehyde (Found: C, 62-3; 
H, 8-2. Calc. for C,H,,0O,: C, 61-5; H, 7-75%). The 2: 4-dinitrophenvihydrazone separated 
from aqueous ethanol in pale yellow needles, m. p. 211—212° (Found: N, 16-5. C,,H,,O,N, 


. =o 


requires N, 16-7%). 

Attempted Isomerisation of cycloHex-1-enyl-a-methoxyacetic Acid.—The acid (0-14 g.) was 
heated with 5N-methanolic sodium methoxide (1 c.c.) at 100° for 48 hours. Isolation of the 
product by careful acidification and ether-extraction gave a viscous liquid which on slow 
distillation gave unchanged cyclohex-l-enyl-x-methoxyacetic acid (0-11 g.), m. p. 54—59°, 
mixed m. p. 56—59°, which gave no precipitate on treatment with aqueous 2 : 4-dinitrophenyl- 
hydrazine for 1 week. The product showed no absorption maximum above 2260 A. 

Reaction of a-Bromocyclohexylideneacetic Acid with Aqueous Sodium Hydroxide.—(i) The 
bromo-acid (0-1135 g.) was heated with 3-74N-sodium hydroxide (1 c.c.) at 100° in a sealed tube 
for 2} hours. The liberated bromide ion (estimated by the method used in the experiments with 
sodium methoxide) required 0-60 c.c. of 0-0960N-AgNO,, equiv. to 11% reaction. 

(ii) The bromo-acid (1-04 g.) was heated in an autoclave with 2N-sodium hydroxide (15 c.c.) 
at 125° for 2} days. The solution was diluted with water (300 c.c.), filtered, acidified with 2N- 
nitric acid, and extracted with ether. Bromide ion in the aqueous portion corresponded to 
complete reaction. The ethereal extracts gave on evaporation a residue of mainly polymeric 
material from which no recognisable product could be isolated. 

2-Methoxycyclohexanone.—This was prepared as an oil, b. p. 76°/15 mm., nj 1-4535, by 
methylation of 2-hydroxycyclohexanone (Bloink and Pausacker, J., 1950, 1328) by the method of 
Bergmann and Gierth (Annalen, 1926, 448, 64). The semicarbazone separated from ethanol in 
plates, m. p. 178—179° (Found: N, 22-3. C,H,,O,N, requires N, 22-7%). 

Reaction of 2-Methoxycyclohexanone with 2: 4-Dinitrophenylhydrazine.—2-Methoxycyclo- 
hexanone (0-79 g.) in ethanol (25 c.c.) was added to a solution of 2 : 4-dinitrophenylhydrazine 
(1-35 g., 1-1 mol.) and concentrated sulphuric acid (10 c.c.) in ethanol (100 c.c.). After 16 hours 
the dark red precipitate was collected and washed with methanol (yield, 0-37 g.; m. p. 215— 
218°). Recrystallisation from acetic anhydride gave the red bis-2 : 4-dinitrophenylhydrazone of 
cyclohexane-1 : 2-dione, m. p. 220—221° (Adkins and Rossow, loc. cit., give m. p. 218—219°). 

The filtrate was diluted with water (180 c.c.) and a bright yellow turbidity was produced 
which quickly gave place to a red precipitate. After 12 hours the precipitate was collected 
(0-73 g.; m. p. 150—180°) (the filtrate was a clear yellow solution which gave no precipitate 
with acetone, showing that no 2 : 4-dinitrophenylhydrazine remained). This solid was extracted 
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with boiling ethanol (50 c.c.) for 2 hours and left a residue of bis-2 : 4-dinitrophenylhydrazone 
(0-38 g.), m. p. 218—219°. The total yield of bis-derivative was 0-75 g. (26% based on ketone ; 
37% is possible). 

The alcoholic extract was evaporated to dryness at 40°/15 mm. and the residue was purified 
by chromatography in benzene on alumina. The eluate yielded 2-methoxycyclohexanone 
2: 4-dinitrophenylhydrazone (20 mg.), needles (from methanol), m. p. 135° (Ferrante and 
Bloom, Joc. cit., give m. p. 135°). 

Ethyl 1-Hydroxy-2-methoxycyclohexylacetate.—2-Methoxycyclohexanone (4-43 g.), activated 
zinc (2-26 g.), ethyl bromoacetate (5-8 g.), dry benzene (14 c.c.) and toluene (12 c.c.) were heated 
on the steam-bath. After 2 minutes a vigorous reaction set in and continued for an hour. 
Heating was continued for 16 hours, whereafter almost all the zinc had dissolved. After filtra- 
tion, the product was decomposed with ice-cold 2N-hydrochloric acid. The organic layer was 
separated and washed with saturated sodium hydrogen carbonate solution until free from acid. 
After evaporation of the dried (Na,SO,) solution, the product was fractionally distilled, to give 
ethyl 1-hydroxy-2-methoxycyclohexylacetate (2-30 g., 31%) b. p. 79—82°/0-5 mm., nf) 1-4590 
(Found: C, 61-2; H, 91. C,,H gO, requires C, 61-1; H, 9-3%). 

Hydrolysis and Dehydration of Ethyl 1-Hydvoxy-2-methoxycyclohexylacetate.—The ester 
(1-09 g.) was heated under reflux for 2 hours with 2N-sodium hydroxide (10 c.c.). The cooled 
solution was extracted with ether, acidified with 2N-sulphuric acid, and again extracted with 
ether. The latter extracts were dried (Na,SO,) and evaporated to an acidic oil (0-81 g.), nj} 
1-4736, which slowly decolorised neutral potassium permanganate solution. It was therefore 
impure l-hydroxy-2-methoxycyclohexylacetic acid 

This acid (0-72 g.) was heated under reflux with acetic anhydride (3 g.) for 3 hours. Distill- 
ation then gave a higher-boiling fraction (0-35 g.), b. p. 90° (bath temp.)/0-5 mm., nj? 1-4945, 
which was insoluble in sodium hydrogen carbonate solution and was strongly unsaturated to 
neutral permanganate. It was a mixture of the lactones of 2-hydroxycyclohexylideneacetic 
and 2-hydroxycyclohex-l-enylacetic acids containing ca. 25% of the former (Newman and 
VanderWerf, J. Amer. Chem. Soc., 1945, 67, 236, give ni 1-5064 for the aB- and nf 1-4903 for 
the Sy-unsaturated lactone). 

The mixed lactones were dissolved in 2N-sodium hydroxide (1 c.c.) by warming for 10 
minutes, and the alkaline solution was diluted with water (10 c.c.) and extracted twice with 
ether to remove non-acidic material. The aqueous layer was made just acid with 2N-hydro- 
chloric acid and excess of saturated sodium hydrogen carbonate solution was added. The 
solution was then extracted four times with ether and the dried (Na,SO,) extracts were evapor- 
ated, to give the lactone of 2-hydroxycyclohexylideneacetic acid, m. p. 21—24°. Light absorp- 
tion in ethanol: max. 2260 A (e 9500) (Kuehl, Linstead, and Orkin, /. Amer. Chem. Soc., 1950, 
72, 2217, give m. p. 24°). 

The remaining aqueous layer was acidified with 2N-hydrochloric acid and extracted four times 
with ether. Evaporation of the dried (Na,SO,) ethereal extracts gave an oily residue of impure 
2-ketocyclohexylacetic acid [semicarbazone, m. p. 192—193° (decomp.); 2: 4-dinitrophenyl- 
hydrazone, m. p. 191—193°. Newman and VanderWerf (loc. cit.) give m. p. 197—198° (decomp.) 
for the semicarbazone. Cocker and Hornsby (J., 1947, 1164) give m. p. 193—194° for the 2: 4- 
dinitrophenylhydrazone}. 
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921. Olefinic Acids. Part 1X.* «-Bromo-{-tert.-butyl- and 
«-Bromo-$8-diphenyl-acrylic Acids. 
By D. D. E. NEwMAN and L. N. Owen. 


a-Bromo-$-tert.-butylacrylic acid (III), in which «8 —-> By isomerisation 
of the double bond is impossible, has been synthesised. When it is treated 
with alkoxides, or aqueous sodium hydroxide, nucleophilic substitution of 
the halogen atom does not occur, but elimination takes place to give (-fert.- 
butylpropiolic acid (IX). The latter shows very low additive reactivity, but 
with alkoxides or alkali slowly gives the $-alkoxy(or hydroxy)-§-tert.-butyl- 
acrylic acid, and thence pinacolone. 

The synthesis of «-bromo-$8-diphenylacrylic acid is described. This acid, 
in which neither isomerisation nor elimination is possible, is very stable 
towards alkali. 


In the reactions of «-bromoacrylic acid with alkoxides (Owen and Somade, J., 1947, 1030) 
no direct nucleophilic substitution of halogen could be detected, the main reaction being 
addition to the double bond, followed by elimination of hydrogen bromide, to give the 
8-alkoxy-acrylic acid : 


CH,:CBr-CO,H —> RO-CH,*CHBrCO,H —> RO-CH:CH-CO,H 


The non-formation of any «-alkoxy-acrylic acid, in contrast to the results of similar re- 
actions with a-bromocrotonic and «-bromo-$$-dimethylacrylic acid, has been attributed 
(Owen and Sultanbawa, J., 1949, 3089) to the impossibility of an initial rearrangement into 
an a-bromo-$y-unsaturated acid, but it could be maintained that any direct substitution 
reaction would be rendered insignificant by the great susceptibility of the simple acrylic 
acid system, unsubstituted in the $-position, towards addition reactions. For this reason 
we have studied the preparation and properties of a-bromo-$-tert.-butylacrylic acid (2- 
bromo-4 : 4-dimethylpent-2-enoic acid) f (III), which also would be incapable of undergoing 
an af ——> Sy change, but would be expected to undergo addition much less readily. 

4: 4-Dimethylpent-2-enoic acid (I) (Foreman and McElvain, J]. Amer. Chem. Soc., 
1940, 62, 1438) with bromine in bright sunlight slowly gave 2 : 3-dibromo-4 : 4-dimethyl- 
pentanoic acid ¢ (II); in the absence of sunlight the reaction was so slow as to be im- 
practicable. 

The proportions in which cis- and trans-«-bromo-a$-unsaturated acids are formed by 
elimination of hydrogen bromide from an «$-dibromo-acid, and the extent to which 
decarboxylation also occurs, sometimes depend on the reagent used (cf. Owen and Sultan- 


Me,C’CH:CH-CO,H ——> Me,C-CHBr-CHBr-CO,H Me,C-CH(OR)-CHBr-CO,H 
(I) (IT) + (VI) 
| sa 
Y Y 
Me,C*CH:C(OR)*CO,H <---- Me,C-CH!CBr-CO,H Me,C-C(OR):CH-CO,H 
(lV) (III) (VII) 
| a ee 
Y Y 
Me,C-CH,-CO-CO,H Me,C-CiC-CO,H — [Me,C-CO-CH,CO,H] —> Me,C-COMe 
(V) (IX) (VIII) 
bawa, J., 1949, 3105; Part VIII *; and references there given). Dehydrobromination of 
(II) with aqueous sodium hydroxide, followed by precipitation of the product with hydro- 
chloric acid, gave 2-bromo-4 : 4-dimethylpent-2-enoic acid (III), m. p. 68° (probably trans) ; 
dehydrobromination with pyridine caused also slight decarboxylation, but the main product 
was an acid which, although giving correct analyses for (III) and having similar light-absorp- 
tion, had m. p. 55—62°, unchanged on further heating with pyridine containing pyridine 
hydrochloride, and on repeated sublimation, but raised to 68° on reprecipitation of the acid 


* Part VIII, preceding paper. t Geneva nomenclature, CO,H = 1. 
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from alkaline solution with hydrochloric acid. It is probable that both reagents give a 
mixture containing a small proportion of cis-acid, but that the ¢rans-isomer is obtained 
pure by precipitation from alkaline solution because of its lower solubility in water. Its 
structure was confirmed by ozonolysis to trimethylacetaldehyde. 

Preliminary experiments showed that all the bromine was liberated as bromide ion on 
treatment of the unsaturated bromo-acid (III) for 15 hours at 80° with 2N-methanolic 
sodium methoxide or for 4 hours at 100° with 4N-aqueous sodium hydroxide. The solutions 
so obtained gave no ketonic reaction with 2 : 4-dinitrophenylhydrazine sulphate in acid 
solution. This proves that direct nucleophilic substitution did not occur, since this would 
have led to 2-keto-4 : 4-dimethylpentanoic acid (V), either directly (in the aqueous experi- 
ments) or by acid hydrolysis of the enol ether (IV). If, however, the heating with methoxide 
or alkali was greatly prolonged, or carried out with more concentrated solutions, or at a 
higher temperature, treatment with the reagent gave a small quantity of the 2 : 4-dinitro- 
phenylhydrazone of pinacolone (VIII), the amount increasing with the time of heating. It 
was clear that this ketone was being formed by a reaction which was very much slower than 
the liberation of bromide ion; this ruled out the possibility of the route via (VI) —» (VII). 

It seemed likely that the initial reaction was one of elimination, to give 4 : 4-dimethy]l- 
pent-2-ynoic acid (IX), followed by addition of methanol or water to form (VII), and this 
was confirmed in larger-scale experiments in which the acetylenic acid was isolated in good 
yield by treatment of (III) with aqueous sodium hydroxide, methanolic sodium methoxide, 
or potassium /ert.-butoxide in fert.-butanol. It was characterised as the ~-bromophenacy] 
ester and as the S-benzylthiuronium salt. When heated with aqueous sodium hydroxide it 
was slowly converted into pinacolone, the ketone being present in the alkaline reaction 
mixture, but with methanolic sodium methoxide pinacolone was only formed after acidific- 
ation to hydrolyse the enol ether (VII; R= Me). Moureu and Delange (Compt. rend., 
1903, 136, 552, 753) claimed that the acetylenic acid was not hydrated when treated with 
hot aqueous potassium hydroxide, but no doubt they were misled by the very slow reaction, 
which is in marked contrast to the behaviour of tetrolic acid (cf. Owen, J., 1945, 385). 
The low additive reactivity of the olefinic acids (I) and (III) and the acetylenic acid (IX) 
can be attributed to the steric effect of the ¢ert.-butyl group, which strongly hinders the 
attack by an anion or solvent molecule on the $-carbon atom; the effect is similar to that 
which inhibits bimolecular substitution in the neopenty] halides (Dostrovsky, Hughes, and 
Ingold, J., 1946, 173). The ¢ert.-butyl group, however, does not afford such protection to 
the hydrogen atom attached to the $-carbon atom in (III), so that an elimination (£2 
reaction can occur comparatively readily. In this connection it is of interest that in the 
reaction of (III) with methanolic sodium methoxide there was gradual precipitation of 
sodium bromide; consequently the ionic strength of the solution was falling, and this 
should have had the same effect as a reduction in dielectric constant, which Cooper, Dhar, 
Ingold, Hughes, MacNulty, and Woolf (J., 1948, 2043) have shown to increase slightly 
the rate of an E2 process of this type. The calculated bimolecular rate constants did in 
fact show a slight but definite increase as the reaction proceeded. 

The complete absence of any direct substitution of the halogen atom in (III) is thus in 
accordance with our views on the mechanism of the reactions of various types of «-bromo- 
a3-unsaturated acids with alkalis and alkoxides. The reported conversions, by alkali, of 
a-bromocinnamic acid (Glaser, Annalen, 1870, 154, 146; Sudborough and Thompson, /., 
1903, 83, 1155), «-bromo-m-methoxycinnamic acid (Jones and James, /J., 1935, 1600), and 
a-bromomaleic acid (Lossen and Menthal, Annalen, 1906, 348, 308), into phenylpropiolic, 
m-methoxyphenylpropiolic, and acetylenedicarboxylic acid, respectively, appear to provide 
the only other known examples of the exclusive occurrence of elimination; again it is 
evident that in none of these bromo-acids is there the possibility of a8 —-> py change, so that 
direct replacement of bromine does not occur, and, furthermore, addition would be expected 
to occur only with difficulty. 

A further consequence of the above argument is that the halogen atom would be 
expected to be very stable in a compound such as «a-bromo-$8-diphenylacrylic acid (X), in 
which neither prototropic change nor elimination can occur. §$$-Diphenylacrylic acid and 
bromine in bright sunlight gave «8-dibromo-$$-diphenylpropionic acid (XI), but attempts 
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to dehydrobrominate this caused also decarboxylation to 2 : 2-diphenylvinyl bromide (X11). 
This difficulty was overcome by the use of the esters instead of the free acids. Addition 
of bromine to methy! $8-diphenylacrylate, followed by dehydrobromination of the resulting 


Ph,C:CBr-CO,H Ph,CBr-CHBr-CO,H Ph,C:CHBr 
(X) (XI) (XIT) 
dibromo-ester with sodium methoxide, proceeded smoothly, and alkaline hydrolysis then 
gave the required bromo-acid (X). The latter, in striking contrast to all the «-bromo-a$- 
unsaturated acids previously studied, was practically unaffected by being heated for 2 days 
at 100° with a large excess of 3-7N-aqueous sodium hydroxide; similar treatment with 
4n-methanolic sodium methoxide liberated only a very small proportion of the halogen as 
bromide ion. 
I. XPERIMENTAL 

4 : 4-Dimethylpent-2-enoic acid (Foreman and McElvain, loc. cit.) was purified by sublimation 
at 50°/0-2 mm., the first fraction (m. p. 55—62°) being rejected. It was a highlv crystalline 
solid, m. p. 61—62°, very soluble in all solvents except water, from which it separated as an oil. 
A portion recrystallised from pentane at —30° had m. p. 62—63° (Found: C, 65-6; H, 9-5%; 
equiv., 127. Calc. for C;H,,0,: C, 65-6; H, 9-4%; equiv., 128). Foreman and McElvain 
(loc. cit.) who record only the equivalent (128), give m. p. 62—63° 

The p-bromophenacyl ester separated from aqueous ethanol in plates, m. p. 98° (Found: C 
55:3; H, 5-3. C,,H,,0,Br requires C, 55-4; H, 53%). 

2 : 3-Dibromo-4 : 4-dimethylpentanoic Acid.—Bromine (3-8 g.) and 4: 4-dimethvlpent-2-enoic 
acid (2-9 g.) in dry carbon tetrachloride (25 c.c.) were kept in bright sunlight for 6 hours. The 


solvent was removed at 30°/20 mm. and the residue was washed with ice-cold pentane (10 c.c.), 
and then recrystallised from pentane to give large prisms of 2 : 3-dibromo-4 : 4-dimethvlpentanoic 
acid (3-35 g.), m. p. 983—94° (Found: Br, 55-9. C;H,,O,Br, requires Br, 55-5%). The mother- 
liquors gave a viscous oil. 

Dehvdrobromination of 2: 3-Dibromo-4 : 4-dimethylpentanoic Acid i) With agueous alkali. 
2-5n-Sodium hydroxide (20 c.c.) and the dibromo-acid (3-35 g.) at 55° gave a clear solution. 
After 24 hours at room temperature this was acidified with 6N-hydrochloric acid. The precipi- 
tated oil solidified on cooling and was washed with water (2 x 5c.c.) The dried solid sublimed 
at 60°/0-2 mm. to a crystalline mass (2-04 g.) of 2-bromo-4 : 4-dimethylpent-2-enoic acid (probably 
trans), m. p. 68°, very soluble in all organic solvents (Found: C, 40-4; H, 5-4; Br, 38-7%; 
equiv., 207. C,H,,O,Br requires C, 40-6; H, 5-4; Br, 38-6%; equiv., 207 Light absorption 
in ethanol: max. 2330 A (¢ 7200). Ether-extraction of the mother-liquors gave an acid, m. p. 
55—63°, on sublimation at 50°/0-2 mm 

Treatment with aqueous sodium hydroxide of the evaporated mother-liquors obtained in the 
bromination of 4 : 4-dimethylpent-2-enoic acid gave the same acid (60%), m. p. 68 

The unsaturated bromo-acid gave a p-bromophenacyl ester, needles (from aqueous ethanol), 

p. 92° (Found: C, 44:5; H, 4-0. C,,;H,,0,Br, requires C, 44-6; H, 4-0%) 

(ii) With pyridine. 2: 3-Dibromo-4 : 4-dimethylpentanoic acid (1-83 g.) was heated with 
dry pyridine (10 g.) at 65° in a stoppered flask for 2 hours, a precipitate of pyridine hydro- 
bromide being gradually formed. Carbon dioxide was then detected, showing that some de- 
carboxylation had occurred. Accordingly, after treatment of the mixture with excess of 2N- 
hydrochloric acid and extraction with ether, the pyridine-free ethereal solution was shaken with 
excess of saturated sodium hydrogen carbonate solution, and the ethereal and the aqueous layer 
were separated. The dried (Na,SO,) ethereal solution was evaporated to give a liquid residue 

1. 0-1 g.) which had an odour characteristic of a bromo-olefin, probably 1-bromo-3 : 3-dimethyl- 
but-l-ene. The aqueous layer was acidified with 2N-hydrochloric acid and extracted with 
ether. Evaporation of the dried (Na,SO,) extracts and sublimation of the residue at 40°/0-2 
mm. gave a solid (0-90 g.), m. p. 55—62°, mainly trans-2-bromo-4 : 4-dimethylpent-2-enoic acid 
with probably a small amount of the cis-isomer. The m. p. was unchanged after 2 further 
sublimations and after heating with pyridine containing a little pyridine hydrochloride for 
2 hours at 100° (Found: Br, 38:7%; equiv., 207. Calc. for C,H,,0,Br: Br, 38-6%; equiv., 
207). Light absorption in ethanol: max. 2330 A (e 6900). 

The acid (0-42 g.) was dissolved in cold 3-7N-sodium hydroxide (6 c.c.) and kept for 24 hours 
at room temperature. On acidification with 2N-sulphuric acid a white crystalline solid was 
precipitated (0-3 g.) which after sublimation at 60°/0-2 mm. had m. p. and mixed m. p. 67° with 
trans-2-bromo-4 : 4-dimethylpent-2-enoic acid. 


i 
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Ozonolysis of 2-Bromo-4 : 4-dimethylpent-2-enoic Acid.—The acid (0-34 g.) in dry carbon tetra- 
chloride (10 c.c.) was ozonised at —10°; bromine was liberated. After removal of the solvent 
at 40°/25 mm. a colourless crystalline ozonide remained. This was decomposed at 100° for 30 
minutes with zinc dust and 2n-acetic acid. Steam-distillation gave a distillate (5 c.c.), having a 
strong odour of trimethylacetaldehyde, which on treatment with 1% aqueous 2: 4-dinitro- 
phenylhydrazine sulphate gave the 2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 206' 
after recrystallisation from methanol. 

Estimation of Pinacolone.—A standard solution of 2 : 4-dinitrophenylhydrazine sulphate was 
made by dilution of a solution of 2: 4-dinitrophenylhydrazine (2-5 g.) in pure sulphuric acid 
(40 c.c.) with water (to 250c.c.)._ A solution of pinacolone (12, 18, or 26 mg.) in water (15 c.c.) 
was added to 25 c.c. of the reagent, and after 1 week at room temperature the precipitated 2 : 4- 
dinitrophenylhydrazone was collected, washed with 2Nn-sulphuric acid (10 c.c.), then with water 
(5 c.c.), and dried at 56°/0-1 mm. The yields (22, 38, and 61 mg. respectively. Calc.: 35, 51, 
74 mg.) showed that the loss due to solubility under these conditions is ca. 13 mg. This was 
taken into account in the corrected yields mentioned below. 

Reaction of 2-Bromo-4 : 4-dimethylpent-2-enoic Acid with Methanolic Sodium Methoxide 
(i) Preliminary experiments were carried out to assess the reactivity of the bromine atom 
Known weights of the acid (0-0005—0-001 g.-mol.) were heated with 4 equivalents of 2N-methan- 
olic sodium methoxide in sealed glass tubes at 80° for various times (0—16 hours), the liberated 
bromide ion being estimated as described in the preceding paper. 

Acid 2-0N-NaOMe- Time 0-0960N-AgNO, Reaction 10°%, (mol. 1.7 
(gz.) MeOH (c.c.) (hours) (c.c.) < 

0-0970 0-94 1-08 

0-1156 1-12 : 2-59 

00-1026 0-99 2: 4-08 

0-1247 1-20 “2! 5-69 

0-1090 1-05 5:5 5°39 

(ii) The acid (0-0861 g.) and 2-5nN-methanolic sodium methoxide (1-5 c.c.) were heated in a 
sealed tube at 100° for 16 hours. The contents were acidified with 2N-sulphuric acid, diluted to 
15 c.c. with water, filtered, and added to the standard 2: 4-dinitrophenylhydrazine reagent 
(25 c.c.). After 1 week the precipitate (m. p. 122°) was collected, washed, and dried by the 
standard procedure. The yield was 5 mg. (4%; corr. for loss, 14%). 

(iii) As in (ii), but with only 8 hours’ heating. No precipitation of 2: 4-dinitrophenyl- 
hydrazone occurred 

(iv) 2-Bromo-4 : 4-dimethylpent-2-enoic acid (0-82 g.) was heated under reflux for 14 hours 
with 2-5N-methanolic sodium methoxide (10 c.c.). The first-formed granular suspension of the 
sodium salt of the bromo-acid dissolved on heating and a heavy precipitate of sodium bromide 
settled out as the reaction proceeded. The methanolic solution was diluted with water (100 c.« 
acidified with 2N-sulphuric acid, and immediately extracted with ether. Evaporation of the 
dried (Na,SO,) extracts gave a pale yellow liquid (0-44 g.) which solidified on distillation (b. p 
78°/0-7 mm.), giving hygroscopic needles, m. p. 39—45°. Redistillation (the first fraction, ca 
20 mg., being rejected) gave crystalline 4 : 4-dimethylpent-2-ynoic acid, m. p. 44—47° (Found : 
equiv., 131. Calc. for C,H,,O,: equiv., 126). Moureu and Delange (Compt. rend., 1903, 132, 
988) give m. p. 47—48°, b. p. 110°/10 mm. 

The acid gave a p-bromophenacyl ester, needles, m. p. 107° (from aqueous ethanol) (Found : 
C, 55-7; H, 4-8. C,,H,,0,Br requires C, 55-7; H, 4-7%), and a S-benzylthiuronium salt which 
crystallised from aqueous methanol with slight decomposition as needles, m. p. 177—178 
(decomp.) (Found: C, 62-2; H, 7-0. C,;H,,O.N,S requires C, 61-6; H, 6-9% 

Reaction of 


20 
2-Bromo-4 : 4-dimethylpent-2-enoic Acid with Potassium tert.-Butoxide.—The 
bromo-acid (0-48 g.) was boiled under reflux with potassium ¢ert.-butoxide in tfert.-butanol 
(from potassium, 0-52 g., and éert.-butanol, 10 c.c.) for 4 days. The reaction was heterogeneous, 
white salts being continuously present. After removal of the solvent under reduced pressure 
the residue was dissolved in water and extracted with light petroleum (b. p. 40—60°) to remove 
decarboxylation products. The aqueous layer was acidified with 2N-sulphuric acid, filtered from 
silica, and extracted with ether, to give 4 : 4-dimethylpent-2-ynoic acid (0-14 g.), m. p. 44—47 
Reaction of 2-Bromo-4 : 4-dimethylpent-2-enoic Acid with Aqueous Alkali.—(i) A solution of 
the acid (0-500 g.) in 3-7N-sodium hydroxide (5 c.c.) was heated at 100°; at intervals, portions 
were withdrawn and weighed, and the bromide ion was estimated as previously described. The 
% reaction was 90 (1 hr.), 97 (2 hr.), 100 (4 hr.). 
(ii) A solution of the acid (0-12 g.) in 3-7N-sodium hydroxide (1 c.c.) was heated at 100° for 
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8 hours. Treatment with standard 2: 4-dinitrophenylhydrazine reagent, as described above in 
the reactions with sodium methoxide, gave pinacolone 2: 4-dinitrophenylhydrazone (3 mg., 2%; 
corr. for loss, 10%), m. p. 125°. 

(iii) As in (ii), but 16 hougs’ heating. The yield was 10 mg. (6%; corr. for loss, 14%). 

(iv) The acid (0-8 g.) was heated in 3-7N-sodium hydroxide (8 c.c.) at 100° for 6 hours and 
then steam-distilled; treatment of the distillate with aqueous 2: 4-dinitrophenylhydrazine 
sulphate gave a small precipitate (4 mg.) of the pinacolone derivative, m. p. and mixed m. p. 
125—126°. The residual alkaline solution was acidified and extracted with ether, to give 
4 : 4-dimethylpent-2-ynoic acid (0-43 g.) [S-benzylthiuronium salt, m. p. 177—178° (decomp.)}. 

Formation of Pinacolone from 4: 4-Dimethylpent-2-ynoic Acid.—(i) The acetylenic acid 
(90 mg.) was heated with 2-5nN-methanolic sodium methoxide (1 c.c.) at 100° for 16 hours. The 
tube was broken under a slight excess of 0-5N-sulphuric acid, and the filtered solution (9 c.c.) 
was added to the standard 2: 4-dinitrophenylhydrazine sulphate solution (25 c.c.). After 
2 days the derivative was isolated as previously described (35 mg., 18%; corr. for loss, 24%), 
m. p. 123—-125°, not depressed on admixture with pinacolone 2 : 4-dinitrophenylhydrazone). 

(ii) The acid (50 mg.), heated with 3-7N-aqueous sodium hydroxide (1 c.c.) in a sealed tube at 
100° for 24 hours, gave pinacolone 2: 4-dinitrophenylhydrazone (30 mg., 27%; corr. for loss, 
39%), m. p. and mixed m. p. 123—125°. 

86-Diphenylacrylic Acid.—Ethy1 $-hydroxy-$8-diphenylpropionate (Rupe and Busolt, Ber., 
1907, 40, 4537) (50 g.) in 90% formic acid (150 c.c.) and water (10 c.c.) was boiled under reflux 
for 3 hours, and then concentrated under reduced pressure. The product was poured into an 
excess of aqueous potassium carbonate, and the insoluble oil was removed in ether. Acidification 
of the aqueous portion then precipitated the unsaturated acid, which was collected, washed with 
water, and dried (11-5 g.; m. p. 157—159°). 

The oil recovered from the ethereal extract was boiled under reflux for 3 hours with potassium 
hydroxide (10 g.) in ethanol (100 c.c.) and water (50 c.c.). The ethanol was then distilled off, 
more water was added, and a small amount of insoluble red oil (which contained some benzo- 
phenone) was removed in chloroform. Acidification of the aqueous solution then gave a further 
22 g. of the unsaturated acid, m. p. 155—158° (total, 33-5 g., 81%). Recrystallisation from 
methanol gave flattened needles, m. p. 159—160°. Rupe and Busolt (loc. cit.) give m. p. 162°. 
This method is similar to that of Rupe (Annalen, 1913, 395, 141), who recorded no yield, except 
that the use of potassium carbonate and hydroxide is advantageous in that it avoids the form- 
ation of the sparingly soluble sodium salt of the unsaturated acid. An attempt tocarry out the 
dehydration with anhydrous formic acid was unsuccessful, most of the hydroxy-ester being 
recovered. 

Methyl @8-diphenylacrylate, obtained by methanol-sulphuric acid, had b. p. 130—132°/0-01 
mm., #7) 1-6040. Posner (J. pr. Chem., 1910, 82, 439) gives b. p. 194-6—194-8°/13 mm. 

«8-Dibromo-88-diphenylpropionic Acid.—Bromine (0-8 g.) in dry carbon tetrachloride (1-5 g.) 
was added to the unsaturated acid (1-1 g.) in the same solvent (10 c.c., heated to dissolve the acid 
and then quickly cooled). In bright sunlight the solution rapidly became paler, and after 
several hours large colourless prisms (1-2 g.) were deposited from the orange-coloured solution. 
These darkened slowly when left at room temperature, and rapidly when heated alone or in 
carbon tetrachloride, chloroform, or benzene, but crystallised satisfactorily from dry ether on 
cautious addition of light petroleum (b. p. 40—60°), and gave the dibromo-acid, m. p. 99° 
(decomp.) (Found: C, 46-8; H. 3-4; Br, 41:5. C,;H,,O.,Br, requires C, 46-9; H, 3-15; Br, 
416%). 

2: 2-Diphenylvinyl Bromide.—To a solution of the dibromo-acid (0-8 g.) in dry ethanol (10 c.c.) 
at — 10° a solution of sodium (0-12 g.) in dry ethanol (5 c.c.) was slowly added (10 mins.). After 
storage at 0° overnight, the solution was diluted with water, and the insoluble bromine-containing 
oil was isolated by ether, to give 2 : 2-diphenylvinyl bromide (0-45 g.), m. p. 40—41°, unchanged on 
recrystallisation from methanol. Hepp (Ber., 1874, 7, 1410) gives m. p. 50°; Lipp (Ber., 1923, 
56, 570) gives m. p. 41—42°. Acidification of the alkaline solution, and extraction with ether, 
gave only a trace of an acidic oil. 

When a small amount of the dibromo-acid was dissolved in 2N-sodium carbonate the solution 
rapidly became cloudy; extraction with ether gave 2 : 2-diphenylvinyl bromide, m. p. 40°. 

a-Bromo-88-diphenylacrylic Acid.—When bromine (3 g.) and methyl $$-diphenylacrylate 
(4-5 g.) in dry carbon tetrachloride (20 c.c.) were exposed to sunlight the colour became paler, 
and after an hour the orange-coloured solution was evaporated at 40°/15 mm., the last traces of 
carbon tetrachloride being removed by distillation of small quantities of dry methanol. The crude 
dibromo-ester was dissolved in dry methanol (20 c.c.), cooled to —5°, and treated with a solution 
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of sodium (1-5 g.) in dry methanol (20 c.c.), with stirring and cooling, at such a rate that the 
temperature did not rise above 0° (5 mins.). The solution was set aside at room temperature for 
16 hours and then boiled under reflux for } hour. Water (4 c.c.) was added, and the solution boiled 
forafurther }hour. Methanol was then distilled off, water being gradually added so that the final 
volume was ca. 50c.c. On being cooled, the solution deposited long needles of a sparingly soluble 
-sodium salt; this was collected, suspended in water (30 c.c.), and strongly acidified with hydro- 
chloric acid, to give a solid acid (A). Acidification of the filtrate from the sodium salt gave a solid 
acid (B). Recrystallisation of (A) from aqueous methanol gave fluffy needles (2-25 g.) of «-bromo- 
68-diphenvlacrylic acid, m. p. 148—150°, raised by one further crystallisation to 150°; the solvent 
of crystallisation was not readily removed by drying (Found, in material dried at 56°/0-01 mm. : 
C, 57-9; H, 4-25; Br, 24-9. Dried at 100°/0-01 mm.: C, 59-3; H, 3-75; Br, 26-2. C,,H,,0,Br 
requires C, 59-4; H, 3-65; Br, 26-4%). Recrystallisation of (B) from aqueous methanol gave 
material, m. p. 125—135°, which was not further examined. 

Stability of the Halogen in «a-Bromo-88-diphenylacrylic Acid.—(i) The bromo-acid (0-1 g.) 
was heated in 3-7N-sodium hydroxide (0-5 c.c.) in a sealed tube at 100° for 2days. The liberated 
bromide ion, estimated as previously described, required 0-10 c.c. of 0-101N-AgNO,g, equiv. to 3% 
reaction. (ii) The bromo-acid (0-2 g.) and 4N-methanolic sodium methoxide (2 c.c.) were heated 
for 2 days at 100°; the liberated bromide ion required 0-65 c.c. of 0-101N-AgNOy, equiv. to 10% 
reaction. 


We thank Professor R. P. Linstead, C.B.E., F.R.S., for his interest, and the Department of 
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922. Studies on Bond Type in Certain Cobalt Complexes. Part II1.* 
The Polarographic Reduction of Some Cobalt Inner-complex Compounds. 
By J. R. Urwin and B. WEst. 


The polarographic reduction of some cobalt complexes with various 
salicylideneanilines has been attempted. Two-step irreversible curves have 
been obtained in all curves but the mechanism of reduction has not been 
clarified. 


THE polarographic reduction of a group of cobaltous compounds of the non-electrolyte, 
inner complex type has been attempted, the object being to discover whether the method 
provided a measure of the relative stabilities of these compounds. Eight compounds have 

O O been examined, all being of the bis(salicylideneaniline)cobalt 

, a | type (I), with various substituents in the aniline ring. It had 

\/ Noe NCH’ \/ been hoped to carry out these irivestigations in aqueous 

(I) bn bh pyridine in order to facilitate comparisons with the work of 

Bailes and Calvin (J. Amer. Chem. Soc., 1946, 68, 949) and 

the exchange work being carried out by West (Part I, J., 1952, 3115), but this proved 

impossible since pyridine is reduced at a potential lower than any of the complexes 
examined. 

After considerable trial, the reductions were finally carried out in 80°% ethylene glycol 
water solution with potassium chloride or lithium chloride as the supporting electrolyte. 
For each compound, when the chloride-ion concentration was greater than 0-01N, two-step 
waves were obtained on reduction, their definition increasing with increasing chloride-ion 
content. Since comparative results were required, all substances were examined in 
solutions containing 0-1N-chloride ion. The figure shows some examples of curve obtained. 

The reductions all appear to be irreversible, the values of Ey — E,; for the lower 
curves being shown in the table. These values are all much greater than should correspond 
to a two-electron step, viz., —0-029v, but in several cases values close to —0-058v, the 
value for a one-electron step, have been obtained. This may imply that the first step in the 


* Part II, J., 1952, 3123. 
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Polarographic reduction of cobalt chelate complexes at 25°. 


R in complex First wave, Second wave Supporting pk of 
Co(N R'CH-C,H,4°OH-o) Ey — Fy Fy (v) electrolyte amine * 
—0-061 0-IN-KCl 
—0-09 
-~0-10 - 
0-064 ° Sat. LiCl 
0-11 +d 0-IN-KCl 
0-12 -I- 
eer " -1s —0-065 
p-Cl-C,H, Biswas 26 —O-11 a 
- wéakweeuaven ; -0-070 - 1-42 Sat. LiCl 
o-C,H,°OMe _......... ‘2 -0-14 ‘ 0-IN-KCI 
* ; Lane —O-11 46 Sat. LiCl 
i sa anree 29 O15 —1s 0-IN-KCl 
0-10 “46 Sat. LiCl 
0-15 - 0-1n-KCl 
* Values taken from Hall and Sprinkle, J. Amer. Chem. Soc., 1932, 54, 3469, determined in aqueous 
solution. ° Second wave was very large and its finish was not determined. * Wave commences at 
—1-35 v. . 


” 


p 


reduction of these compounds is that of the central cobalt ion to the univalent state. 


Calvin and Bailes (loc. cit.) have shown that reduction of the analogous cupric complexes 
presumably involves a reduction to the cuprous state (first wave) and then (second wave) 
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reduction of a simple cuprous ion, the cuprous complexes apparently dissociating upon 
formation to liberate free cuprous ions. The reduction of cobaltous ions under similar 
conditions to the complexes gave only one wave showing a pronounced maximum which 
could not be completely inhibited by the use of gelatin. This wave appears also to be 
irreversible as calculated from the Ey — FE, formula, although the value found, —0-06lv, 
is very close to that required for a one-electron step. There appears to be no evidence for 
the reversible reduction of simple cobalt ions in aqueous solutions; in fact, Brdicka 
(Coll. Czech. Chem. Comm., 1930, 2, 489, 545; 1931, 3, 396) has shown that large amounts of 
chloride ions must be present in solution in order to make the normal reduction of cobalt 
approach reversibility. Presumably, it is the chloro-complex ions in aqueous solution 
which tend to reduce reversibly rather than hydrated cobaltous ions. 

Chloride-ion concentration appears to play a considerable part in the reductions of the 
cobalt complexes reported here. It has been stated (p. 4727) that the separation of two 
waves commenced at 0-01N-potassium chloride or above; below this concentration only 
one curve could be obtained. Increasing the chloride-ion concentration by using 80% 
ethylene glycol-water solutions saturated with lithium chloride (ca. 1—2N) caused a 
numerical decrease of about 0-04 unit in the values of E; — E, for several compounds 
(see table), t.e., the values changed towards the one-electron step value of —0-058v. 

The second wave present in the reduction curves of the cobalt complexes cannot be 
reconciled immediately with the reduction of a lower valency state of cobalt, t.e., univalent 
cobalt. It may be due to the reduction of the CH:N linkage present in all the complexing 
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molecules examined. Salicylideneaniline itself has a reduction potential of —1-35v, the 
same as that for the second wave obtained on reduction of bis(salicylideneaniline)cobalt, 
while the substance prepared by Raney nickel hydrogenation of salicylideneaniline, 1.e., 
containing a CH,°NH linkage, shows no sign of reduction below —1-8v, at which potential a 
catalytic hydrogen wave is observed similar to that obtained when doing a “ blank ”’ 
reduction on the solvent plus supporting electrolyte (0-1N). 

Although the work has had to be suspended, the results are believed to imply that 
elucidation of these mechanisms cannot be accomplished solely by conventional polaro- 
graphic methods. No solvent has yet been found for the complexes which will also dissolve 
considerable amounts of a supporting electrolyte and yet not undergo reduction at potentials 
below that of the complexes being examined. In spite of the foregoing partial failure, an 
attempt has been made to correlate the half-wave potentials of the first waves obtained 
with each compound with the pK’s of the amines present in the various salicylidene 
derivatives used in preparing the complexes. 

It has been assumed by analogy with Calvin and Bailes’s results (loc. cit.) that the first 
wave found is connected with the reduction of the complex molecule probably involving the 
cobalt ion present in the complex. Therefore the higher the half-wave potential, 7.¢., the 
more difficult it is to reduce the complex, the more stable should the complex be. Further, 
since the pK value of a substituted aniline will be a relative measure of the electron density 
on the nitrogen atom, it should provide some measure of the “‘ availability ’’ of the unshared 
electron pair on the nitrogen atom for the formation of a co-ordinate linkage, 1.e., some 
measure of the strength of the Co-N bond. Values of E, for the first wave are given in 
the table together with the appropriate pK values of the amines in water. 

The small number of compounds examined has limited the attempted correlation. In 
view of the marked dependence of half-wave potential upon chloride-ion concentration, it is 
not at all obvious that all cobalt complexes of this type would form a single stability series 
dependent upon pK. 

EXPERIMENTAL 

The polarograph used was a manually operated instrument of conventional design. An 
H-type cell was used for the reductions, one arm containing the reference electrode (saturated 
calomel), and the other the dropping cell. The two arms were connected by an agar—saturated 
potassium chloride bridge, which was separated from the dropping cell by a sintered-glass plate. 
The complete unit was kept at 25° + 0-1°. Characteristics of the capillary were: m# x # - 
1:77. Nitrogen, purified by passage through vanadyl sulphate solutions, was bubbled through 
the solutions to remove oxygen. Corrections for iy drop across galvanometer shunts were 
allowed for on all E, values determined. 

All solutions used were 0-001m and were prepared by dissolving the required weight of the 
compound in ethylene glycol, then making the solution up to the requisite volume by addition 
of aqueous potassium chloride solution and further glycol. The strength of the chloride solution 
was such as to give a concentration of 0-1N in the final solution. For reductions employing 
lithium chloride, a stock solution of 20% aqueous glycol previously saturated with lithium 
chloride by shaking the mixture with solid for 1 hour at 25° was used to dissolve the compound 
being examined. 

Ethylene glycol was purified by vacuum-distillation and gave no evidence of any reducible 
impurities when “ blank ’’ reductions were carried out in the absence of any complex. 

Cobalt sulphate heptahydrate was of ‘“‘ AnalaR’”’ grade and was used without further 
purification. The complexes used were prepared by the method outlined in Part 1 (loc. cit.) 
for salicylideneaniline-type complexes. 

Hydrogenation of Salicylideneaniline.—8 G. of the Schiff’s base and 3 g. of W.6 Raney nickel 
in 20 c.c. of absolute ethanol were shaken with hydrogen at 1 atm. until the yellow colour had 
completely disappeared (6 hours). The solution was then filtered and crystallised. An almost 
theoretical yield of N-o-hydroxybenzylaniline was obtained .as colourless needles, m. p. 105 
(Found : C, 78-4; H, 6-6; N, 7-3. C,,H,,ON requires C, 78-4; H, 6-6; N, 7-0%). 


The authors are indebted to Dr. S. W. Pennycuick for his interest in this work. 


JOHNSON CHEMICAL LABORATORIES, UNIVERSITY OF ADELAIDE. [Received, April 16th, 1952. 
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923. The Analysis of Inorganic Compounds by Paper Chromatography. 
Part V.* The Separation and Detection of Certain Lanthanons. 


By F. H. Potrarp, J. F. W. McOmie, and H. M. STEVENs. 


A preliminary account is given of the application of complex-forming 
mobile phases to the separation on paper and cellulose columns of mixtures of 
(i) lanthanum, cerium, praseodymium or neodymium, and ytterbium; 
(ii) yttrium and lanthanum; (iii) yttrium, lanthanum, and cerium; 
(iv) yttrium, lanthanum, and ytterbium; (v) yttrium and erbium from 
cérium; and (vi) yttrium and erbium from lanthanum. Their detection on 
paper is also described. 


[HE well-known separation of the rare earths on ion-exchange resins has brought about a 
remarkable change in the availability of these elements in a pure state, but hitherto there 
have been no records of separations of lanthanons on paper or cellulose, although several 
authors have hinted that they have attempted them. Burstall, Davies, Linstead, and 
Wells (J., 1950, 516) reported that it was possible to separate thorium and scandium from 
rare earths by the use of tetrahydrosylvan containing 5°% v/v of water and 10% v/v of 
nitric acid (d 1-42) as the mobile phase. In this process, the relative humidity of the 
atmosphere within the chromatographic tank had to be controlled by placing a saturated 
solution of ammonium chloride at the bottom of the tank. Scandium has also been 
separated from the rare earths by methyl acetate containing 10° v/v of water and 5% v/v 
of nitric acid (d 1-42). Kember (Analyst, 1952, 77, 78), from the same laboratory, has 
recently described the quantitative separation of thorium from other metals in monazite 
sand, by allowing a nitrate solution of the latter to pass through a column of cellulose 
previously prepared in ether containing 12-5°, v/v of nitric acid (d 1-42). During this 
work, it was noted that Ce** moved with thorium but that Ce** moved far less quickly ; 
hence, it was found necessary to reduce all the Ce** to the tervalent state before attempting 
a separation. On using cellulose untreated with nitric acid, yttrium nitrate was found to 
be partly extracted, but with nitric acid-treated cellulose, yttrium moved more rapidly 
than the “‘ true’’ rare earths, but not as rapidly as thorium. Scandium nitrate moved 
with thorium nitrate unless tartaric acid was added to the original nitrate solution in order 
to inhibit the movement of scandium. With these precautions, Kember has devised a 
quantitative separation of thorium. 

Following the principles of our previous work in adding complex-forming agents to the 
mobile phase, we have achieved successful separations of certain lanthanons from one 
another by the use of 8-hydroxyquinoline (‘‘ oxine’’) in butanol, both on filter-paper and on 
cellulose columns. This also provides a simple method for identification as well as the 
possibility of separating larger quantities or purifying impure specimens of lanthanons. 

We now describe : (i) the separation of lanthanum, “ didymium ”’ (7.e., praseodymium 
and neodymium, symbolised ‘‘ Di’’), and ytterbium from one another, and from small 
quantities of cerium; (ii) the separation of yttrium from lanthanum, and from lanthanum 
and cerium; (iii) the separation of yttrium, lanthanum, and ytterbium from one another ; 
(iv) an apparent partial separation of yttrium and erbium from one another and their 
separation from lanthanum and cerium; and (v) a separation of cerium from yttrium and 
erbium. 


EXPERIMENTAL 


(a) Preparation of the Solvent Mixture for the Mobile Phase.—For the separations of 
lanthanum, ‘‘ didymium,” and ytterbium from cerium, 400 ml. of »-butanol were shaken 
thoroughly with an equal volume of distilled water and, after a short time, the upper layer was 
separated. To 400 ml. of the latter, 20 g. of 8-hydroxyquinoline and 40 ml. of glacial acetic 
acid were added, and the mixture was warmed until homogeneous. Suitable quantities of this 


* Part IV, J., 1951, 1863. 
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solvent mixture were then used for separations upon cellulose columns, or upon sheets of filter- 
paper (e.g., during the examination of the eluate fractions from a column). 

For separations where yttrium or erbium were present, it was found that these two cations 
and cerium in their presence tended to “ tail ’’ backwards when separations were attempted with 
the above solvent mixture on acid-washed Whatman No. | filter-paper. The most concentrated 
spots, with elimination of tailing, were obtained if 14% v/v glacial acetic acid was added to the 
solvent mixture, instead of 10%. For cellulose-column separations of mixtures containing 
yttrium or erbium, a solvent mixture consisting of 400 ml. of water-saturated butanol, 20 g. of 
8-hydroxyquinoline, and 56 ml. of glacial acetic acid was therefore employed for the elution 
This mixture was found to give a separation of lanthanum and cerium inferior to that obtained 
by using the less acid mixture. 

(b) Preparation of the Cellulose Column.—A quantity of I.C.I., acid-washed, powdered 
cellulose was stirred with sufficient N-hydrochloric acid to produce a thin suspension, filtered off 
by suction, and washed with cold distilled water until the filtrate was neutral to B.D.H. 
universal indicator paper. The cellulose was then freed from as much water as possible by 
suction, and dried at 50—60° in an oven. It was thoroughly stirred into a thin suspension with 
150—200 ml. of the prepared solvent mixture (see above). The washing of the cellulose with 
hydrochloric acid improved the separations and removed small quantities of foreign ions such 
as Mg®*, whose oxine complexes gives a fluorescent spot similar to that of La**. 

One end of a glass tube 120 cm. long and 1-5 cm. in diameter (internal) was drawn out to a 
jet, and a small plug of glass-wool inserted into the tube so that it acted as‘a porous retaining 
washer behind the jet. The thin cellulose suspension was slowly poured into the tube until the 
latter was about a quarter full. The compressed air supply was then connected to the top of 
the tube, thereby forcing the liquid phase through the column under pressure and effecting a 
tight packing of the cellulose. The latter process was marked by the appearance of a pale 
cream layer at the base of the column, which gradually extended upwards towards the constantly 
falling liquid level. When the head of the pale cream band had reached to within a few cm. of 
the liquid level, the air supply was disconnected, and a further quantity of cellulose suspension 
poured into the tube. This was packed under air pressure as before, and the process repeated 
until there was a tightly packed pale cream column of cellulose 90—95 cm. long. Careful 
packing of the column is essential for successful separations. 

(c) Preparation of the Lanthanon Mixtures.—(i) The mixture used for the lanthanum, 
“ didymium,”’ and ytterbium separations from cerium was prepared from lanthanum nitrate 
(B.D.H.), “‘didymium ”’ nitrate (B.D.H. technical), and ytterbium acetate (tetrahydrate 
A spectroscopic examination of these materials showed that small amounts of lanthanum were 
present in the ytterbium and “ didymium ”’ salts, and that the latter also contained some 
cerium, as shown also by the fact that a bright orange precipitate was produced on addition 
of hydrogen peroxide and ammonia solution to a solution of the “ didymium ”’ salt. 

(ii) For the other separations, synthetic mixtures were made from cerous nitrate (technically 
pure), an yttrium-erbium basic nitrate, yttrium nitrate (B.D.H. quality), which yielded an 
orange-coloured oxide on calcination, lanthanum nitrate (B.D.H.), and ytterbium acetate 
tetrahydrate. 

The mixed salts were warmed with a little 2N-nitric acid and evaporated gently to dryness. 
This ensured that basic compounds, free ceria, etc., were converted into soluble salts. To the 
solid residue were added dropwise a few ml. of the organic solvent mixture to be used as the 
mobile phase, and the whole was gently warmed until all the solid was dissolved. If the 
temperature was allowed to rise above about 45°, blackening occurred, owing possibly to the 
oxidation of some organic constituent by Ce**, and such a mixture produced inferior separations 
on the cellulose column. 

(d) Elution from the Column.—The prepared lanthanon mixture was poured on the top of 
the cellulose column, and when it had soaked into the latter, a reservoir containing about 200 ml. 
of solvent mixture was inserted into the top of the tube. The reservoir had a simple constant- 
level device so that a continuous supply of the mobile phase trickled on to the cellulose. The 
column was supported over an automatic fraction-collector of the type described by Hough, 
Jones, and Wadman (/J., 1949, 2511) and the eluate was collected in about 2-ml. quantities at 
intervals. 

The rate of flow of the mobile phase through the column was an important factor in the 
separations, since the slower the rate of flow, the better the separations obtained. This seemed 
to be largely controlled by the closeness of the packing of the powdered cellulose, and hence 
the care with which this was done. Experiments with different columns ranging from 61 to 
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95 cm. suggested that usually the length of column did not have any great effect upon the 
separations, though no very exact measurements were made to establish this point. 

(e) Analysis of the LE:luate Fractions.—For the analysis, it was desired to convert the lanthanon 
fractions into oxides. This was done by transferring the selected fraction to a clean porcelain 
crucible, heating it until the solution began to boil, and then igniting the vapour. When all 
the butanol had burnt off, the tarry residue was more strongly heated to burn off the 8-hydroxy- 
quinoline and carbon, leaving the lanthanons as oxides. 

A portion of the residue was then analysed by paper-strip chromatography, Whatman No. 1 
filter-paper being used, which had previously been washed once in N-hydrochloric acid, and then 
in distilled water until free from acid. The oxide residue from the eluate was dissolved in 
2—3 drops of 2N-nitric acid with gentle warming, and then evaporated almost to dryness to 
remove excess of nitric acid. The latter was found to affect the movement of the cations on the 
filter-paper chromatogram. The residue was now dissolved in 1—2 drops of distilled water, 
and one drop of this solution was used to obtain a paper-strip chromatogram in the usual way, 
the same solvent mixture being used as that employed for the column elution. 

After drying, the chromatogram was examined in ultra-violet light after exposure to 
ammonia. Under such conditions, some of the lanthanon oxine complexes fluoresced, and 
others remained as dark spots. Finally, the paper was sprayed with a mixture of ammonia 
solution and hydrogen peroxide, and the colours and persistence of the spots were observed in 
daylight. 

The FR, values of the individual lanthanons, and their behaviour in the tests described, were 
determined in preliminary experiments with sych pure materials as were available. 

The following factors were used to assist in the identification of the lanthanons present in 
the fractions under examination: (i) The colour of the oxide residue, and its solution in nitric 
icid. (ii) The Fy values and colours of the oxine complex spots in daylight, and their behaviour 
on the paper chromatogram with (a) ultra-violet light in the presence of ammonia, and (b) the 
hydrogen peroxide—ammonia reagent ili) Spectroscopic examination. These properties ar« 
summarised in Table 1 

TABLE 1. 
Nitric acid Oxine complex Fluor. in NH,-H,0O, treatment 

Ion le spot J.-V. light of oxine complex 

Lanthanum ... olourles Pale yellow- (Green) Turns brown 
brown 
Cerium 4 -rean Orang teddish-purple N Turns orange (to purple 
on standing) 
‘ Didymium ”’ Brown Greenish Yellow Yellow 
Erbium er Pink Pink l Nil Yellow 
Yttrium ........ _White * Colourless llov + (Golden- Yellow 
brown) 

Ytterbium White Colourless "ello Nil Yellow 
Nitrate anion e Nil Faded 
Viagnesium f White Colourless 2g |.+. (Green) Pale green 


* B.D.H. yttrium nitrate gives orange impure oxide + Present in unwashed I.C.I. cellulos« 


Notes on Sensitivities of Tests.—Some indication of the sensitivities of the tests employed to 
letect lanthanons on filter-paper can be judged from an investigation into this question for 
lanthanum and cerium. (1) By the fluorescence of the oxine complex held over ammonia, and 
viewed under ultra-vioiet light, 1-5 10° g. of La** could be detected: this corresponded to a 
drop of a solution containing 1-5 10-3 g.perml, (2) By the purple colour of the oxine complex 
“5 10°¢ g. ot 
Ce** ; (b) sprayed with ammonia—hydrogen peroxide, 3 x 10°* g. of Ce**; (c) as (b), but set aside 
for 24 hours, 6 x 10°7 g. of Ce**. 

The success with which separations of lanthanons can be effected is rec orded in the following 


of cerium, subjected to the following treatments: (a) Exposed to ammonia 


tables, and it is clear that this technique may lead to good separations of some members of this 
group, and to a means of purifying others. The experiments quoted are in the nature of a 
preliminary report, for there is still a considerable field to be investigated. 

Table 2 is in two sections to indicate procedure. Part A records the analysis of the eluate 
fractions as they are collected from the column. The analysis which was carried out, first on 
every fifth eluate fraction, and then on intermediate fractions (to determine precisely at which 
points the particular lanthanons started to emerge), is based on the bulk of oxide residue and on 
the relative size and intensity of the spots on the paper chromatograms prepared with a spot of 
the eluate solution. From such analyses it was possible to decide which fractions could be 
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combined to obtain a particular lanthanon in bulk. Part B records the results of the analysis of 
such combined fractions together with other relevant data such as the weights of the lanthanon 


(as oxide) put on the column, the length of column, and the rate of flow of the eluate 


» 


TABLE 
A. 


cate — 
Lanthanon 35 41 47 53 59 65 TI 
Ytterbium ... - | = 1 , 

ee ~ 

Didymium 

Cerium 

Lanthanum 


Key to symbols. - Nil; 


B. Analysis of bulk fractions. 


Eluate fractions 
74 83 SY 


Trace Fair amount; 


(All amounts are relative to the initial concentrations, 


absolute values.) 


Wts. (approx.) (as mg. of oxide) 
of cations put on column 
Ce 
(CeO,) 
150 


Length 
(cm.) 
85 


Yb 
90 


La 
260 


190 95 


190 
150 


" Di,O, ”’ 
Combined 
fractions 
and wt. (mg.) 
(a) No sepn. of Di 
from Ce 
65—69 (10) 


Chrom. 
analysis 


Spect 


Ce no La; Ce 


detec ted 


Trace 


(b) 
7 Little Ce 
Pure 


l 
‘ 


no La; Ce 
detected 

[™ La: 
detected 


(c) b 
sie | 
(d) 49 ) 


Trace Ce ca 


* n. w 


Note: 


Not weighed 


Notes on Table 2. 


analysis 


Column data 


Combined 
fractions 
and wt. (mg.) 
31—35 (n. w.) * 
36—37 (n. w.) 

53 (20) 


Flow rate 
(ml. /hr.) 
12 


59 (10) 
54 (30) 
40 (10) 


43 (10 


Combined 
fractions 
and wt. (mg.) 
68—70 


n. W.) 


not 94 (35) 


103 (15) 


not 125 (15) 


80 (20 


86 (25) 


On the whole, the results obtained with conditions of run (c) are 


where the rate of flow is the slowest and the column is 95 cm. long 


where the rates of flow are the same but 
longer column, i.e 


that in (c), the separation is inferior. 


TABLE 3. 


Column length 


The cations were eluted in the order : 


Wt. of lanthanon (oxide) in mixture (mg.) 


, run (6), vields the best results. 


90 cm. 


the column-lengths are 
In run (a), whe 


5 ml 
1; Ss 
Wt. of oxide recovered 

purest fractions (mg.) 


Flow rate 


Lanthanum, “‘ didymium,’’ and ytterbium, and the removal of cerium. 


Eluate analysis for the separation shown in Table : 


25 


10l 107 “1191 


Bulk 


and are not 


Chrom 

analysis 
Pure 
Trace Ce 
Pure 


Spect 
analysis 


( 


ected 


no La; not 


det 


e 


Trace Ce 
Pure 
Pure no La; Ce not 

detected 
Di 


Trace Ce, 


4,0 5 


Chrom 
analysis 


Spect 
analysis 
Mg present 4 
trace Ce 
Trace Ce, Di 


Pure 
Pure no “‘ Di:”’ Ce 


detected 


not 
Trace Ce, Di 


“ Di-” 
detected 


Pure no Ce not 


Numbers shown in parentheses denote weight of recovered oxide samples 


best, 
Comparing runs (6) and (d), 
different, it that the 


sre the rate of flow is double 


is seen 


Separations of yttrium, lanthanum, cerium, and ytterbium. 


hour. 
Ce 
in 


: Be, 


Purity 
Free from La 
Free from Y 


Free from Ce, La 
Ce 
Free from La, trace Y 


Trace La, Yb 
Trace Y, Yb 


Trace Y, 





4734 Inorganic Compounds by Paper Chromatography. Part V. 


Notes on Table 3. The initial yttrium fractions yielded a white or very pale brown oxide on 
calcination, whereas the oxides of the later yttrium fractions were somewhat darker. The 
sample of B.D.H. yttrium nitrate used to make the synthetic mixture gave a brownish-orange 
oxide on calcination, so it probably contained small amounts of other lanthanons, e.g., terbium ; 
hence, as the oxides from the initial fractions from the column were whiter than those from the 
later ones, the former were considered to be purer. Spectroscopic analysis of the two fractions 
supported this view, as a number of lines present in the emission spectrum of the later yttrium 
oxide fractions were missing in the spectrum of the earlier fractions. The combined lanthanum 
oxide fractions recorded in Table 3 (a) were free from yttrium by chromatographic, spectroscopic 
(emission), and spectrophotometric analyses, but by the last method, holmium (3%) and erbium 
2:7%) were found. These two lanthanons were possibly present in the original B.D.H. vttrium 
nitrate. 
ABLE 4. Separations of yttrium, erbium, and cerium or lanthanum. 
Column length = 90cm. Flow rate = 5 ml./hour. 
The cations were eluted in the order: Y —-»> Er *, Ce or La 
Wt. of oxide recovered in 
Wet. of lanthanon in mixture (mg.) purest fractions (mg.) Purity 

{ Y—Er (as basic nitrate) 200 (a) White oxide . Free from Ce 

J (b) Pale pink oxide Free from Ce 

} (c) Pink oxide Free from Ce 

_Ce (as CeQ,) 738 : Trace Y, Er 

( Y- Er (as basic nitrate) 200 (a) White oxide f Free from La 

; (b) Pale pink oxide Free from La 

} (c) Pink oxide Free from La 

La (as La,Os) 95 Little Y, Er present 


* See Notes on Table 4. 


Notes on Table 4. The Y,O,—-Er,O, fractions marked (a) yielded colourless solutions in 
nitric acid, those marked (b) gave pale pink solutions, and those labelled (c) gave bright pink 
solutions. Hence, although there was not a good separation, the evidence seems to point to an 
enrichment in erbium from fractions (a) to (c). 

One can conclude from this preliminary survey that separations of a number of lanthanons are 
possible both on filter-paper strips and on columns of powdered cellulose, though the conditions 
required are, as would be expected, much more difficult to establish than for. the common 
cations. From this work, it is clear that reasonably good bulk separations can be obtained with 
mixtures containing not more than one element from each of the groups (i) lanthanum, (ii) cerium, 
neodymium, and praseodymium, (iii) yttrium and erbium, and (iv) ytterbium. Only apparent 
partial separations have as yet been obtained between Y and Er, and no separation occurs at all 
between Nd and Pr. The investigation is being continued. 


Phe authors thank Dr. J. K. Marsh for helpful discussion and the gift of samples of lanthanon 


salts, Mr. M. Marshall for spectrophotometric analyses, and Mr. C. Candler and Mr. N. Atherton 
for the emission spectroscopy of oxides. 
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924. The Decomposition of Toluene-p-sulphonylhydrazones by Alkali. 


By W. R. BAmrorp and T. S. STEVENS. 


Toluene-p-sulphonylhydrazones of aromatic aldehydes and ketones usually 
give aryldiazomethanes together with alkali toluenesulphinate. In other 
cases the product is an olefin, sometimes produced with rearrangement of the 
carbon skeleton. Some bistoluenesulphonylhydrazones of 1 : 2-diketones 
yield triazole derivatives. 


EscaLes (Ber., 1885, 18, 893) showed that benzenesulphonylphenylhydrazide is decom- 
posed by warm alkali, giving benzene, nitrogen, and benzenesulphinic acid : 


Ph:SO,-NH*NHPh —-> PhH + N, + Ph’SO,H 
It occurred to us that the toluene-p-sulphonylhydrazone of an enolisable ketone might 
analogously yield an olefin, e.g. : 


Ph-SO,-NH-N?CMe:CH,-CO,Et —-> Ph-SO,-NH‘NH-CMe:CH-CO,Et —-> 
Ph-SO,H + N, -+ CHMe:CH-CO,H + EtOH 


This reaction gave in fact a little crotonic acid, and the behaviour of the hydrazones of 
simple, not readily enolisable ketones was next explored. 

Acetone toluenesulphonylhydrazone, heated with a solution of sodium in ethylene 
glycol, afforded propylene; and the cyclohexanone compound similarly gave cyclohexene 
in quantitative yield. In the case of pinacolone toluenesulphonylhydrazone, the reaction 
was accompanied by Wagner—Meerwein rearrangement, the product being tetramethy]- 
ethylene : 

R*SO,*"NH:N:CMe-CMe, —-> R’SO,H + N, + Me,C:CMe, 
By a similar transformation camphor was converted integrally into camphene. 

The hydrazones of aromatic aldehydes and ketones, on the other hand, afforded aliphatic 
diazo-compounds or products of their decomposition : R*SO,*NH*N:;CHPh —- R°SO,H +- 
N,:-CHPh. The derivatives of benzaldehyde, acetophenone, benzophenone, and fluorenone 
behaved in this way, and by working at lower temperatures substantial yields of the diazo- 
compounds could be attained. It is not surprising that the hydrazones of benzyl methy] 
ketone and of dibenzyl ketone behaved as aliphatic derivatives, giving olefins, but indan- 
I-one toluenesulphonylhydrazone likewise yielded substantially indene although the 
functignal group is adjacent to the aromatic ring. 

Among multifunctional derivatives, the hydrazones of «-diketones showed interesting 
behaviour. While from the benzil compound diphenylacetylene was obtained in good 
yield, others gave neither acetylenes nor diolefins but acidic compounds having the com- 
position of sulphonamidotriazoles : 

R-CIN-NH-SO,Ar R-C-N-NH-SO,Ar 
RGCR+N, <— | —> | ZN 
R-C:N-NH-SO,Ar R-C-N 
The results of the fission of these and other toluenesulphonylhydrazones by solutions of 
sodium in hot ethylene glycol are collected in the Table. 

It might be supposed that the diazo-compound is always the primary product, which 
can yield olefin by decomposition. On this view the intermediate product in case 7 would 
be diazocamphane having the unaltered camphor skeleton, but Heubaum and Noyes 
(J. Amer. Chem. Soc., 1930, 52, 5070) have shown that the very unstable diazohydrocarbon 
decomposes to give tricyclene, and a subsequent isomerisation of this symmetrical hydro- 
carbon could not have led to the optically active camphene isolated by us. This fission, 
which, proceeding only under alkaline conditions, involves in cases 6 and 7 what is formally 
a Wagner—Meerwein change, may be formulated as follows.* The removal of a proton 
with formation of a negative charge on the adjacent nitrogen atom leads to a release of 
the sulphinate anion, and the remainder of the molecule either remains intact as a diazo- 


* The comments of a Referee have been helpful in the formulation of these reactions. 
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compound, with necessary regrouping of electrons, or undergoes fission into nitrogen and 
an olefin, with concomitant migration of one of the groups attached to C,,) : 


R 
R | 
¢ 


te ae 
: om H+ a-C—=N=N + SO,R 


Ce C=N-NH‘SO,.R ——> >C, bon-i-so,R — 
— + N=N + SO,R 
When, as in most cases described, the migrating R is hydrogen, the carbon skeleton is 
unaltered in the olefin. The diazo-compound will be stabilised by conjugation if C;) is 
No. Group X in R-SO,,NH-N=X Products Yield (%) 
l Me,C= CH,:CHMe = 
2 ycloHexylidene cycloHexene 100 
3 PhCH, 
} Ph-CH:CHMe 80 
Me-C= 
(Ph-CH,),C= Ph-CH:CH-CH,Ph 95 
C,.Hyc= C,HyCH, 
92 
CH,—CH, CH=CH sn 
Me,C-CMe= Me,C:CMe, 34 
\| 


(Camphene) 94 


O-c “C -O-CH.P 5e 
__» HO-CH,CH,-0-CH,Ph 4 


Ph-CH>= Ph-CH:N, 
Ph-CH,°SO,R 14 
PhMeC=} PhMeC:N, —->(PhMeC:N:), 85 
~» HO-°CH,°CH,°O-CHPh, 14 
Ph,C>= Pak, = * 
— Ph,C:CPh, Main product 
C.H, C,H, , 
| 2c= CIN, —> 
C,H, C,H, 
Ph-CH,CPh= Ph-CH,°CPh:N,] ——> (Ph-CH,°CPh:N-), 
Me-C= Me-C-N:NH°*SO,R 
ae 
ZN 
Me-C-N 
Pr-C-N:NH:SO,R 


> 
PreC-N 
(Me or Ph)-C N:NH+S¢ KR 


Z 
PheC= (Ph or Me):C-N 
Ph-C= Ph-C 
16 
PhC= Ph-( 
17 HO-CH Ph-CPh= Ph-CO-CH,Ph 
Is EtO,C-CH,*CMe= [HO,C-CH:CHMe] —~> HO,C-CH,"CHMe’SO,R 
19 EtO,C-CH,CPh= {HO,C-CH:CHPh} —» HO,C-CH,°CHPh:’SO,R 


part of a benzene nucleus; it may then become the main product to the exclusion of the 
olefin, which is moreover structurally excluded in cases 8, 10, and 11. The triazole deriv- 


ative encountered in cases 13—i5 may result from ring-closure of N=N’CR°CR:N*N-SO,R, 
but it is difficult to account for the contrasting reaction in case 16. 

The utility of the reaction as a preparative route to fatty diazo-compounds in favourable 
cases has been explored. By decomposition at moderate temperatures in ethanolic 
sodium ethoxide, yields of up to 60°% of phenyldiazomethane and diphenyldiazomethane 
could be obtained; some 70°% of diphenyldiazomethane was produced by stirring the 
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hydrazone with sodium isopropoxide in benzene, a method less favourable in the simpler 
case. These and other results indicate, however, that the process is not so effective as 
Staudinger’s method of oxidising hydrazones with mercuric oxide. A few experiments 
showed that o-nitrobenzenesulphonylhydrazones reacted appreciably faster than toluene- 
sulphonylhydrazones but gave roughly comparable yields of diazo-compound. It is natural 
that the anion of the stronger nitrosulphinic acid should be split off more easily. 

The observed products resulting from further change of diazo-compounds include, as 
well as the expected ketazine R,C°N-N°CR, and the olefin R,C°:CR, produced by its thermal 
decomposition, the ether formed by alkylation of ethylene glycol by the diazo-compound 
(cases 8 and 10), and the sulphone (case 8) similarly formed by alkylation of toluenesulphinic 
acid. Deoxybenzoin, the product in case 17, would result from ketonisation of the normal 
olefinic product, hydroxystilbene, but it is not clear why a diazo-compound is not produced. 


EXPERIMENTAL 


The formation of a diazo-compound by this method was first observed by Mr. A. Nisbet, 
working in the University of Glasgow. He also carried out various exploratory experiments, 
as did Miss J. I. Campbell, who contributed the work on nitrobenzenesulphonylhydrazones. 

In the preparation of toluene-p-sulphonylhydrazide (Freudenberg and Bliimmel, Analen, 
1924, 440, 51), s-ditoluene-p-sulphonylhydrazine, m. p. 220—222°, was a by-product (Found : 
N,8-7. C,,H,O,N,S, requires N,8-2%). Itis insoluble in water and does not form a hydrazone 
with benzaldehyde. 


Toluene-p-sulphonylhydrazones. 


Found (%) Required (%) 
Form; solvent M. p. , N . H 
(Borsche, Annalen, 1926, 450, 81) 
Prisms; EtOH 
Prisms; EtOH 
Needles; COMe,-EtOH 
Plates; CHCl,-EtOH 
Prisms; EtOH 
Needles; EtOH 163—164 
(Freudenberg and Bliimmel, Joc. cit.)... 128 
Needles; EtOH . 
Prisms; COMe,-EtOH 
Yellow rhombohedra ; COMe,-EtOH 180—182 + 
Prisms; E 
Plates ; 
Plates ; 
Plates; isoamy]) alcohol 
Prisms; isoamy] alcohol .. 
Plates; EtOH 
Prisms; EtOH 
Rhombs; EtOH 


No * 


l 
2 
3 
4 
5 
6 
7 
8 


| z 


n 


DS | 
_—— 
oS 
o 


SS ee 
Soowse 
Go He Co ie CO 


i; 


~ 
og. oo 


Sto to OO | 


— 


oe OF . 
b—GWGeownrmwonraqa' osc 


—mP mt @IKeIS—4 


GO We Oe 
we 


60-0 


* See previous Table + With decomp ¢ Sulphur 

The toluenesulphonylhydrazones (see Table) were usually prepared by refluxing equivalent 
quantities of the components in alcohol for 10 minutes (1 hour for the benzoin compound, 
case 17). In cases 1 and 13 the reaction was conducted in aqueous N-hydrochloric acid; in 
cases 7, 15, 16, and 19 the materials were refluxed in 1% alcoholic hydrochloric acid for }, 3, 
1, and 2 hours respectively. Butyroin (Snell and McElvain, Org. Synth., 1933, 18, 24), kept for 
several days with toluenesulphonylhydrazide in alcoholic hydrochloric acid, gave only octane- 
3: 4-dione bistoluenesulphonylhydrazone (case 14). The acetyl derivative, prepared by 
boiling butyroin with acetic anhydride and sodium acetate for 2 hours, boiled at 107—108°/15 
mm. (Bouveault and Locquin, Bull. Soc. chim., 1906, 35, 640, report b. p. 117—118°/21 mm.) 
and gave the same product with the hydrazide in warm alcoholic hydrogen chloride. 

Degradation.—The “‘ reagent ’’ referred to below is a solution of sodium in ethylene glycol. 

Case 1. The hydrazone dissolved in ether was dropped on to alcoholic sodium ethoxide 
solution at 60° and the distillate collected in ethereal p-nitrobenzoic acid. No isopropyl] p-nitro- 
benzoate could be detected in the distillate after removal of nitrobenzoic acid. The residue from 
evaporation of the alkaline alcoholic solution was taken up in water, washed with benzene, 
and neutralised. After evaporation to dryness, sodium toluenesulphinate was shown to be 


144 





4738 Bamford and Stevens: The Decomposition of 


present by the formation of 2 : 4-dinitrophenyl p-tolyl sulphone, m. p. 187°, with 1-chloro-2 : 4- 
dinitrobenzene (Loudon, /., 1935, 537). The hydrazone, heated at 160° with excess of the 
reagent, gave 1-58 mols. of gas, which decolorised aqueous bromine and permanganate and 
afforded propylene nitrosite, m. p. 120° (Demjanow, Chem. Zentr., 1901, II, 333). 

2. The hydrazone (5 g.) was refluxed for 14 hours with 1-3N-reagent (50 c.c.). Distillation 
afforded cyclohexene (1-5 g.), which was treated with bromine in carbon tetrachloride. After 
evaporation the crude dibromide was heated with piperidine (3 mols.) on the water-bath for 
1} hours. The mixture was diluted with water and extracted with ligroin; the extract, washed 
with water, was extracted with aqueous acetic acid, and the acid solution treated with aqueous 
picric acid. The precipitated 3-piperidinocyclohexene picrate crystallised from methanol in 
needles, m. p. 109—111°, alone or mixed with a specimen prepared from authentic cyclohexene 
(Found: C, 52-1; H, 5-9. C,,H4gN,C,H,0O,N, requires C, 51:8; H, 5-6%). 

3. A solution of the hydrazone (8 g.) in 1-6N-reagent (50 c.c.) was heated at 190—200°. 
The distillate, dissolved: in ether, washed with water, dried (Na,SO,), and redistilled, gave 
8-methylstyrene (2-9 c.c.), b. p. 176—178°; the dibromide crystallised from methanol in needles, 
m. p. 66°. 

4. The hydrazone (8-8 g.) in 50 c.c. of N-reagent decomposed vigorously when heated. The 
yellow oil, isolated by dilution with water and extraction with ether, gave on distillation colour- 
less 1: 3-diphenylpropene (4-3 g.), b. p. 70°/12 mm. [dibromide, needles (from methanol), 
m. p. 110°} 

5. The hydrazone ( 
m. p. 96°). 

6. The vapours produced when the hydrazone (8 g.) was heated at 160° with 1-2N-reagent 

(50 c.c.) were passed through a spiral immersed in ice-salt, backed by a trap containing bromine 
in carbon tetrachloride which was not decolorised. The distillate (0-85 g.) boiled at 70° and 
gave tetramethylethylene dibromide, m. p. 173° (Found: C, 29-5; H, 5-2. Calc. for C,H,,Br, : 
C, 29-5; H, 5-0%). 
A solution of the hydrazone in 1-5N-reagent (25 c.c.) was progressively heated and 5 c.c 
of distillate collected. This, taken up in ether, washed and dried, gave on redistillation 1-7 g. 
of camphene, b. p. 158—160°, m. p. 46°, [«]i7 +72-4° (in Et,O). Bromination by Pariselle’s 
method (Compt. rend., 1925, 180, 1832) gave a mixture of camphene dibromide and w-bromo- 
camphene, from which the former, m. p. and mixed m. p. 90°, was isolated by fractional 
distillation in a vacuum. 


g.) in N-reagent (50 c.c.) gave as above indene (2-5 g.), b. p. 182° (picrate, 


8. The hydrazone (5 g.) was heated at 120° with 2 mols. of reagent. The material, extracted 
with ether after addition of water, gave on distillation: (i) 1-5 g., b. p. 128—131°/14 mm.; 
and (ii) 0-6 g., b. p. ca. 170°/14 mm. __ Fraction (i) was 2-benzyloxyethanol, for which Danilov 
et al. give b. p. 134—135°/13-6 mm. (Rev. gén. Mat. Plast., 1934, 10, 364); the 3: 5-dinitro- 
benzoate formed pale yellow needles (from benzene-ligroin), m. p. 78° (Found: C, 55-5; H, 4-0; 
N, 8-2. C,,H,,O,N, requires C, 55-5; H, 4:1; N,8-1%). Fraction (ii), which crystallised from 
ethanol in colourless needles, was benzyl p-tolyl sulphone, m. p. and mixed m. p. 144° (Found : 
C, 68-3; H, 6-1. Calc. for C,,H,,0,S: C, 68-3; H, 5-8%). 

9. The hydrazone (4 g.), treated in the same way, gave acetophenone azine (1-4 g.), m. p. 124°. 

10. The hydrazone (5 g.) similarly gave a fraction, b. p. 190°/15 mm., which, crystallised 
from cyclohexane, afforded 0-45 g. of 2-diphenvimethoxyethanol, m. p. 63°. This was identical 
(mixed m. p.) with a specimen prepared by heating diphenylbromomethane (5 g.) with a solution 
of sodium (0-5 g.) in ethylene glycol (25 c.c.) for 3 hours at 135°. The mixture was diluted with 
water, and the ethereal extract dried and distilled. The product (3-6 g.) boiled at 185—190°/15 
mm., and, after crystallisation from cyclohexane, had m. p. 63—64°, depressed by admixture 
with diphenylmethanol (Found: C, 79-0; H, 7-0. C,,;H,,O, requires C, 78-9; H, 7:1%). 
fhe main product in the decomposition of the hydrazone was benzophenone azine, m. p. and 
mixed m. p. 164°; by distillation this was changed into tetraphenylethylene. 

This hydrazone was prepared by Dr. M. I. Gillibrand (personal communication) who decom- 
posed it thus: the hydrazone (3-5 g.) was stirred with 300 c.c. of a 0-05n-solution of sodium 
isopropoxide (not quite alcohol-free) in benzene at 65—70° for 4 hours. The washed and 
dried solution contained 70% of diphenyldiazomethane. He observed that this and other 
processes gave but small yields of diazo-compound from 4: 4’-dimethoxybenzophenone toluene- 
p-sulphonylhydrazone, which, prepared in dioxan, melted at 136—137° (decomp.) (Found: N, 
6-4. C,,H,,0,N,S requires N, 6-8%). 

11. In the same way the hydrazone (4 g.) gave difluorenylidene (1-8 g.). 

12. The hydrazone was decomposed similarly, and the solid which separated on cooling 
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crystallised from ethyl acetate in long yellow prisms (1 g.), m. p. 164° alone or mixed with 
deoxybenzoin azine. 

13. The dihydrazone (11 g.) was heated with potassium hydroxide (6 g.) in ethylene glycol 
(50 c.c.) in a distilling flask attached to a spiral cooled in acetone—carbon dioxide. No butadien 
condensed. The alkaline residue gave nothing on dilution and exhaustive extraction with 
ether, but when just acidified with hydrochloric acid it gave a white solid, insoluble in ether 
This 4: 5-dimethyl-1-toluene-p-sulphonamido-1 : 2: 3-triazole (5-5 g.) crystallised from 


water 
containing a little alcohol in prisms, m. p. 139° (Found: C, 49-8; H, 5-4; N, 21-2; S, 11-9. 
C,,H,,O.N,S requires C, 49-6; H, 5-3; N, 21-0; S, 120%). An attempt to prepare it by 
oxidising the dihydrazone with ferricyanide failed. 

14. The hydrazone (4-8 g.) with potassium hydroxide (2-3 g.) in ethylene glycol (40 c.c.) 
afforded as above the ether-soluble 4: 5-dipropyl-1-toluene-p-sulphonamido-1 : 2 : 3-triazole 
(2-7 g.), prisms (from aqueous alcohol), m. p. 122—123° (Found: C, 56-1; H, 7-0; N, 17-7; 
S,9°7. C,;H,,0,N,S requires C, 55-9; H, 6-9; N, 17-4; S, 9-9%). 

15. As in example 14, the hydrazone (10 g.) with potassium hydroxide (2-1 g.) in ethylene 
elycol (40 c.c.) gave 4(or 5)-methyl-5(or 4)-phenyl-1-toluene-p-sulphonamido-1 : 2 : 3-triazole, 
prisms (from alcohol), m. p. 179—181° (Found : C, 58-4; H, 4-9; N, 17-4; S, 97. C,,H,,O,N,S 
requires C, 58-5; H, 4-9; N, 17-1; S, 98%). A separate experiment showed that no nitrogen 
is liberated in this decomposition. 

16. Decomposition of the hydrazone (4 g.) with 1-2Nn-reagent. (25 c.c.) led to no intense 
colour. Ether extracted from the diluted mixture diphenylacetylene (0-95 g.), m. p. 60°, which 
gave the dibromide, m. p. 206—209°. 

17. A solution of the hydrazone (3 g.) in 0-7N-reagent (25 c.c.) became permanently deep 
red when heated (this coloration was not observed when potassium hydroxide in ethylene 
glycol was used). The ethereal extract of the diluted mixture gave on distillation a sticky 
solid (1 g.) which crystallised from methanol in prisms, m. p. 55—57°. The 2: 4-dinitrophenyl- 
hydrazone had m. p. 197—198°, alone or mixed with deoxybenzoin dinitrophenylhydrazone. 

18. The hydrazone (5 g.) was heated with potassium hydroxide (5 g.) in ethylene glycol 
(25 c.c.), and the diluted and acidified mixture continuously extracted with ether. After 
evaporation of the ether, ferric chloride in hydrochloric acid precipitated ferric toluenesulphinate 
from the dilute aqueous solution of the residue. Continuous ether-extraction of the filtrate 
from the ferric salt removed §-toluene-p-sulphonylbutyric acid, which crystallised from water in 
prisms, m. p. 129—131° (Found: C, 54:8; H, 5-9; S, 13-4. C,,H,,O,5 requires C, 54-5; 
H, 5-8; S, 13-2%). It was identical with a specimen prepared from toluenesulphinic acid and 
crotonic acid by the method used in an analogous case by Kohler and Reimer (Amer. Chem. J., 
1904, 31, 163). 

19. A solution of the hydrazone (0-9 g.) in ethylene glycol (10 c.c.) with potassium hydroxide 
(0-4 g.) became permanently deep red when heated. The mixture, diluted with water and 
extracted with ether, gave on acidification a precipitate of 6-phenyl-8-toluene-p-sulphonyl- 
propionic acid which crystallised from aqueous alcohol in needles, m. p. and mixed m. p. 198° 
(Found: C, 63-1; H, 5-0. Calc. for C,,H,,O,5: C, 63-1; H, 5:3%). The material for com- 
parison was prepared from cinnamic and toluene-p-sulphinic acids (Kohler and Reimer, loc. cit.). 

Evaluation as a Preparative Method for Diazo-compounds.—The yield was estimated as follows. 
The chilled reaction mixture was diluted with ice-water and extracted with ligroin. To the 
washed and dried extract was added a known excess of benzoic acid in benzene, and the whole 
warmed if necessary until decolorised. The unused acid was then determined by shaking 
the mixture with a known excess of alkali and back-titration with standard acid. 

Benzaldehyde o-nitrobenzenesulphonylhydrazone (Storrie and Cameron, J., 1934, 1330 
afforded the same yield of diazo-compound with sodium methoxide, ethoxide, or isopropoxide 
in 20 mins. at 60°. The nitro-compound reacted faster than the toluenesulphonylhydrazone, 
no doubt owing to easier elimination of the anion of a stronger sulphinic acid, but the yield of 
diazo-compound was not significantly altered. On the other hand acetophenone o0-nitro- 
benzenesulphonylhydrazone (Storrie and Cameron, loc. cit.) gave better yields (44:5% in 20 mins 
at 60° in sodium ethoxide) than did the toluenesulphonylhydrazone. Poor results were obtained 
when the hydrazone was warmed with aqueous sodium hydroxide in presence of ligroin to extract 
the diazo-compound as formed, or when the solid sodium salt of the hydrazone was heated in 
ligroin. In a preliminary experiment benzaldehyde o-nitrobenzenesulphonylhydrazone was 
heated with solid sodium ethoxide in acetonitrile at 60° for 35 mins. Dilution with water and 
addition of ligroin precipitated almost colourless blades, m. p. 138—139° after recrystallisation 
from alcohol. This appeared to be a-N’-benzylidenehydrazinobenzyl o-nitrophenyl sulphone, 
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NO,°C,H,°SO,°CHPh*NH:N:CHPh (Found: C, 60-8; H, 4:5; N, 10-6. C,,H,,O,N,S requires 
C, 60-8; H, 4:3; N, 10-8%), formed by addition of nitrobenzenesulphinic acid to benzaldehyde 
azine. 

In a more detailed series of experiments the toluenesulphonylhydrazone (0-5 g.) was decom- 
posed by sodium ethoxide (3 mols.) in ethanol (usually 25 c.c.); the use of weaker alkali gave 
nearly the same yields; alcoholic potash was a little inferior to sodium ethoxide. There appears 
to be for each set of conditions an optimal reaction time, after which more diazo-compound is 
decomposed than is produced; and for a given compound this optimal yield is greatest at a 
definite temperature. Typical results are appended. 


Phenyldiazomethane (%) at end of : 
Temp. 40’ 50’ 1 
40422 — =e -_ _ 
50 14:8 29-2 
60 32-1 38:8 34:1 — 
Diphenyldiazomethane (%) at end of : 
Temp. 3 5 6 7 8 19 hr. 
: — 92 — 46 — - 49-2 
— 46-9 - —— 
55-3 58-1 47-7 
Methylphenyldiazomethane (%) at end of : 
Temp 3 f 7 10 hr. 
65—70 16-3 23-4 27-0 19-2 
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925. The Direct Measurement of the Absorption Spectra of Some 
Plant Phenols on Paper Strip Chromatograms. 


By A. E. BRADFIELD and A. E. FLoop. 


A method is described for the measurement’ in situ of the ultra-violet 
absorption spectra of substances on paper chromatograms. A number of 
typical plant phenols have been examined and the effects of structural 
ditterences on light absorption are discussed. 


THE existence in various tissues of fruit trees of a complex mixture of phenols is readily 
demonstrated by paper strip chromatography of suitably prepared extracts, a variety 
of spots appearing either in visible or in ultra-violet light or becoming evident after treat- 
ment with various reagents. In a systematic investigation, it has become clear that Rp 
values, colour, fluorescence, and colour reactions sometimes fail to indicate reliably even 
the type of compound in question and it appeared likely that absorption spectra would be 
helpful, particularly if they could be combined directly with paper strip chromatography. 

The usual technique involving elution of appropriate portions of the paper chromato- 
gram was impossible in some cases as the substances were not eluted with boiling water 
or boiling alcohol. A similar difficulty has been reported by Gage and Wender (Analyt. 
Chem., 1950, 22, 708). Elution may be avoided and time saved by direct measurement 
of the absorption spectrum on the paper. This also has the advantage that, where the 
spots partly overlap, a small area of the desired spot may be utilised on the side remote 
from the overlap, and the effect of contamination reduced. The technique lacks some- 
what in precision when compared with measurements on solutions and the data obtained 
are incomplete in that extinction coefficients cannot be calculated. The method has been 
tested by determination of the absorption spectra of a number of substances of various 
types known to occur in plants. Its application to the study of the phenols of fruit trees 
will be described elsewhere. 
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EXPERIMENTAL 


Materials.—Some of the substances used were commercial materials, some were prepared 
in the laboratory, while specimens of others were provided by Dr. E. C. Bate-Smith and Mr. 
R. C. Seeley, to whom the authors express their warm thanks. 

Paper Chromatography.—The spectra described, except where otherwise mentioned, were 
observed by utilizing the spots obtained by chromatography on Whatman No. 1 filter paper 
with butanol-acetic acid—water (Campbell, Work, and Mellanby, Biochem. J., 1951, 48, 109). 

Light-absorption Measurements.—Measurements were made with a Unicam S.P. 500 quartz 
spectrophotometer. A strip of paper, about 1-2 cm. wide and 4—5 cm. long, carrying the spot 
to be examined, was cut from the paper chromatogram. Two of the spring spacers supplied 
with the instrument were inserted back to back in one of the compartments of the cell carrier 
in the two slots which are closest together, i.e., the slots which would be used with 2-mm. and 
5-mm. cells respectively, and the paper was inserted between them. A strip of paper cut 
from a blank chromatogram was similarly inserted in an adjacent compartment of the cell 
carrier. Because of the relative opacity of paper, two modifications of the normal procedure 
for taking readings were used. Method (d) gives rather more accurate readings, but the simpler 
procedure (a) is satisfactory in many cases. Neither method gives significant readings below 
225 mu. 

Method (a). The hydrogen lamp is used and the slit width set at 1-5 mm. over the range 
400—270 my; below 270 my the slit is increased to 2 mm. The instrument. switch is set at 
0-1 and the normal procedure for this setting followed. When strong absorption occurs between 
320 and 400 muy, it is sometimes necessary to use the tungsten lamp, but such readings may 
require adjustment (see below). 

Method (b). The band width is kept at 5 my from 400 to 255 mu. Below 255 my with the 
maximum slit width (2 mm.) the band width is less than 5 mu. From 400 to 310 mu, readings 
are taken with the tungsten lamp in the usual manner; below 310 my the hydrogen lamp and 
the switch setting of 0-1 are employed. Owing to the difference in cross-sectional area of the 
beams and the uneven optical density of the spots, readings at the same wave-length taken with 
the hydrogen and the tungsten lamp may differ. In such cases, from a few measurements 
with both lamps at several wave-lengths, a correction is readily calculated to bring the log D 
plots of the curves into coincidence. 

The precision of the measurements of light absorption on cellulose (paper) is less than that 
obtainable with solutions, but for the present purpose, namely, recognition of the type of sub- 
stance under examination, the ‘“‘ band envelopes ”’ are adequately displayed. Values for Amax. 
are probably correct to within about 3 mu. As the number of absorbent molecules in the path 
of the beam is, in general, unknown, it is particularly convenient to eliminate its effect on the 
shape of the absorption curve by plo ting log D, rather than D, against wave-length. Further, 
the resulting curves may then be easily compared by suitable vertical transposition, as has 
been done in the accompanying Figures. 


DISCUSSION 


The physical condition of the substance constituting the “‘ spot ’’ on the paper chromato- 
gram is somewhat uncertain, and it would be difficult to predict to what extent the absorp- 
tion spectrum of a substance on paper would differ from its spectrum in water or alcohol. 
However, some experimental results may be given. The main peak for phloridzin on 
cellulose (A 286 my) is the same as in water or alcohol and there is a general similarity in 
the curves. Again, with quercetin on cellulose and in alcohol the peaks of the curves 
correspond in position, but on cellulose there appears to be a considerable decrease in the 
intensity of absorption when compared with alcohol solution as the wave-length decreases. 
The latter effect, presumably due to adsorptive forces, appears to be fairly general in the 
series of compounds studied. 

On the other hand, the 3-glycoside, quercitrin, has on cellulose a band with Amax, 385 my 
(see Fig. 1) but in alcohol (Gage and Wender, loc. cit.) this band has Amax. ~365 my. Here 
again decreased intensity of absorption at shorter wave-length is evident. Other examples 
of this effect are referred to below. Caution is required however, in comparing the relative 
intensities of two or more bands as measured on paper with an instrument of the type 
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employed. It has been pointed out by Braude, Fawcett, and Timmons (J., 1950, 1019) 
that with certain instruments an apparent failure of Beer’s law may result from 
fluorescent emission by the absorbing substance. Such an effect has been noted several 
times in the present studies and is illustrated by curves a and b in Fig. 2 which were 
determined with spots having maximum densities of 0-56 and 0-98 respectively at 385 mu. 
On cellulose, arbutin, a quinol glucoside, shows, rather weakly, a single band with 
Amax, 291 my (Fig. 1) which is without doubt the displaced B-band of quinol, for which 
Morton and Sawires record Amax. 294 my in alcohol (J., 1940, 1052). As is to be expected, 
glucoside formation has little effect. efiCatechin (I), with two “‘insulated’”’ phenolic 
rings, in alcohol has a B-band displaced by the auxochromic influence of the hydroxyl 


Fic. 1 





a 380 420 


. L 1 4. i i i 
280 320 360 240 280 320 360 400 
AC mp) A(mp) 


1, Arbutin , Quercetin, Duax. 0-56 at 385 mu 
b, epiCatechin ; EY Dymax. 0-98 at 385 my 
c, Phloridzin , Quercitrin. 
d, Hesperttin d, isoRhamnetin. 
e, Ivrigenin , Mvyricetin 

. Leptosidin 

















groups to 280 my, the effects of the phenolic rings on intensity being approximately 
additive (Bradfield, Penney, and Wright, J., 1947, 32; Bradfield and Penney, J., 1948, 
2249). Below 240 my absorption is intense. On cellulose, two bands appear (Fig. 1) 


__OH : _OH 
Hof \O\CH—Y Nou HO/,)OG CH,—< » SOH HO/, YNCH—Z p SOMe 
CH-OH \=% (A) AH, = i“) CH, = 
OH CH, OH CO OH CO 
(I) (II; G = glucose residue) 


HO? OH HO; O\CMe, 


Mes CH; CH, ‘ 
OH CO OH CO OH CO 
(IV) (Vv (VI) 


with Amax. 282 and 236 my respectively, the former being the B-band as in alcohol, and the 
latter presumably the E-band of benzene displaced by the cumulative effects of the 
hydroxyl groups and, as compared with alcoholic solution, diminished in intensity. 
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The spectrum of epicatechin may now be compared with those of phloridzin (II) and 
hesperitin (IIT) (Fig. 1), in which an additional chromophore, the carbonyl group, is attached 
toring A. In alcoholic solution phloridzin shows much more intense absorption (E 20,260 
at Amax. 284 my) than (—)-epicatechin (E 3300 at Amax. 280 my). 

On cellulose, (II) and more particularly (III) resemble the acetophenone (IV) and the 
chromanone (V) in alcoholic solution, as shown in the Table. The main band results from 

Amax. (My) Amax. (My) 
284 228 i : 291 223 
293 (235) y 5 292-5 en 
* Inflexion. + Morton and Sawires, ]., 1940, 1052. 


a displaced B-band showing only as an inflexion superposed on a K-band. Presumably 
another B-band originating in the unconjugated phenolic ring is submerged in this. The 
short-wave bands are again regarded as E-bands displaced to longer wave-lengths. 
Fic. 3. Fic. 4. 
35 























1 A 4 4 1 1 4 i 
240 280 320 360 400 240 280 320 360 400 
A (mp) A(mp) 
a, Fisetin. a, Chlorogenic acid. 
b, Butein. b, Caffeic acid. 
c, Kaempferitrin. c, Ferulic acid. 
d, Apigenin. d, Methylenedioxycinnamic acid 
e, p-Coumaric acid. 


With the introduction of a double bond, converting a flavanone into a flavone, a more 
complex situation arises, as now ring B as well as ring A becomes conjugated with the 
carbonyl group. For the present purpose of empirical correlation of structure and light 
absorption it is convenient first to consider the flavonol quercetin (VI). 

On cellulose this substance (Fig. 2) shows bands at 385 and 260 my (referred to as K 
and B’ bands respectively) and an inflexion at 312 my (referred to as the K’ band). The 
K and K’ band-envelopes probably result from the partial resolution of a number of 
bands, some benzenoid in origin, some arising from the complex conjugated system. The 
effect on these three bands of changing the substituents may now be summarised. 

(a) Methylation of the 4’-hydroxyl group or introduction of an additional hydroxy] 
group in the 5’-position has little effect on the position or relative intensity of the bands 
(see tsorhamnetin and myricetin, Fig. 2). The 3-rhamnoside of quercetin, quercitrin, 
gives the same spectrum as quercetin (Fig. 2). (6) Removal of the 3’-hydroxyl group 
from quercitrin, to give kaempferitrin, results in coalescing of the K and the K’ bands to 
give one at 345 muy, 1.e., less displaced to longer wave-lengths. As well as a B’ band at 
264 my there are indications of an inflection at ~250 my (Fig. 3). On the other hand, 
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removal of the 5-hydroxyl group from quercetin, to give fisetin, leaves the positions of the 
bands practically unchanged, but the K’ band is relatively stronger and the B’ band 
relatively weaker (Fig. 3). (c) The 3-hydroxyl group, whether bound as a glycoside or 
not, has little effect, as may be seen from a comparison of the spectra of the chalkone 
butein and the flavone apigenin (Fig. 3), from both of which it is absent, with those of 
quercetin and kaempferitrin respectively. The spectrum of the glycoside apiin is similar 
to that of its aglucone, apigenin. It may be noted however that in the spectra of apigenin 
and apiin a very weak additional band appears at 240—250 mu. 

The striking effects on light absorption of changes of structure resulting in increase 
or decrease of conjugation are shown by the spectra of leptosidin (VIJ) and irigenin (VIII). 


OMe 
HO 
t 


I~ HOA \/O\CH ,_OMe 
C=CH—C ty OH MeO). Il cC-¢ SOMe (VIII) 


co OH CO OH 


Vil) 


N 


In (VII), the phenolic nuclei, in addition to being conjugated with the carbonyl group 
are conjugated with each other by the ~O*CH:CH- group. The ability of -O- to transmit 
conjugation (chromolatory effect) has been shown by Bowden, Braude, and Jones (J., 
1946, 948). For the A and the K’ band of leptosidin, the values of Amax, 420 and 370 my 
may be compared with max, 390—320 my for butein. On the other hand, the absorption 
spectrum for the zsoflavone, irigenin (VIII), resembles that for phloridzin or hesperitin 
rather than those of the flavones and flavonols with a peak at 270 my and an inflexion at 
340 mu. This is partly due to the fact that ring B is now no longer conjugated with the 
other phenolic ring via the -O*CH:CH- chain. The CO group attached to the ethylenic 
carbon atom, like an «-methyl group attached to a stilbene system, may however give rise 
to non-planarity of the ethylene link and the directly attached benzene ring, with the result 
that light absorption resembles that of a styrene rather than that of a stilbene system (cf. 
Braude, J., 1949, 1902), 7.e., the bathochromic effect is diminished. Again, the conjugation 
of the ethylene link with the carbonyl group crosses its conjugation with the ring B. The 
net result is that conversion of a flavone into an isoflavone has a notable hypsochromic 
effect. 

Some hydroxycinnamic acids as representatives of another group of well-known plant 
constituents have also been examined by the present technique. The absorption spectra 
on cellulose shown in Fig. 4 call for little comment. The hydroxyl group of #-coumaric 
acid gives rise, as expected, to a bathochromic displacement of the cinnamic acid band 
(Amax. 269 in alcohol; Morton and Sawires, loc. cit.) to 304 my, while caffeic acid, with two 
hydroxyl groups, has dmax. 325 my. With ferulic acid and methylenedioxycinnamic acid 
the maximum occurs at slightly lower wave-lengths. With chlorogenic acid, in which 
the carboxyl group of caffeic acid is esterified by one of the hydroxyl groups of quinic 
acid, displacement of the main band is rather greater than for caffeic acid (Amax. 330 my), 
while a peak at 240—250 my which in caffeic acid and its ethers is of very low intensity 
becomes more marked. 


The authors thank Mr. H. Hutchins for valuable technical assistance 


EAsT MALLING RESEARCH STATION, EAST MALLING, 
MAIDSTONE, KENT [Received, August 8th, 1952. 





(1952) Hammick, Mason, and Meacock. 4745 


926. The Rates of Hydrolysis of Some Acridine Antimalarials. 
By D. Li. Hammick, S. F. Mason, and G. W. MEAcocK. 


The rates of hydrolysis of mepacrine and three of its homologues (I; 
n 1—4) in aqueous buffers of pH 7-3 and 9-1 at 37° have been measured 
The polarograph was used to estimate the decrease in the concentrations of 
the compounds with time, the possible hydrolysis products (II—V) showing 
negligible interference under the experimental conditions. The hydrolyses 
are of the first order with respect to the acridine derivative, and the rate 
constants of the hydrolysis of mepacrine at the two pH’s distinguish between 
the various possible mechanisms. 


AQUEOUS solutions of mepacrine dihydrochloride (cf. 1; » = 3) are hydrolysed to 4-amino- 
1-diethylaminopentane and 2-chloro-7-methoxyacridone (II), the hydrolysis being complete 
when a 5°% solution is refluxed for 60 hours (Mietzsch and Mauss, Indian Med. Gas., 1936, 
71, 521). When heated with concentrated hydrochloric acid under pressure for some hours 
at 120—125° mepacrine gives 5-amino-2-chloro-7-methoxy- (III) and 5-amino-2-chloro-7- 
hydroxy-acridine (IV) (Magidson and Grigorovsky, Ber., 1936, 69, 396). The degradation 
products obtained 7 vitro under acid conditions may be isolated from the urines of animals 
and patients ingesting mepacrine, together with 2-chloro-5-(4-diethylamino-1l-methyl- 
butylamino)-7-hydroxyacridine (V) (Scudi and Jelinek, J. Biol. Chem., 1944, 152, 27 

Hammick and Firth, Nature, 1944, 154, 461; Hammick and Mason, zbid., 1945, 156, 718) 

The acridone (II) obtained i vitro under milder hydrolytic conditions cannot be detected 
in the fresh urines of animals and patients dosed with mepacrine though it soon becomes 
detectable on storage. 


NH-CHMe-[CH,],"NEt, 


YY 


(III) 
NH, NH-CHMe-(CH,],"NEt, 
HO? te Hof NV ‘. 
WV n7\Z . —W ZZ l 
(rv) (V) 


The primary object of the present work was to determine the rates at which the acridine 
antimalarials (1;  — 1—4) are hydrolysed under the temperature and pH conditions of the 
human blood stream (37° and pH 7-3), and to characterise the compounds produced. It 
was hoped to throw light on the fate of mepacrine and its degradation products in the 
human body, and indicate further factors on which the differential biological activity of 
the homologous series depends (Hammick and Mason, /., 1950, 345, 348, 351). For 
effective antimalarial action, the concentration of the acridine homologues in the blood 
stream must be maintained at a given value for weeks or months, and the rates at which 
they are hydrolysed were thought possibly to be related to their relative activities. More 
over, protein stained with acridone (II) does not take up mepacrine, while the same protein 
unstained does (Reid, Report to the M.R.C., M.L.A., 1944, p. 34). Thus the acridone (IT) 
may influence the antimalarial action of mepacrine, and the rate at which (II) is produced 
by the homologues under physiological conditions may influence their relative activities. 

As the polarographic diffusion current of mepacrine in buffered supporting electrolytes 
of pH 7:3 is proportional to its concentration at 10-°°—2 x 10™¢m (Hammick and Mason, /., 
1950, 345), it was thought that hydrolyses of the acridine homologues could be followed 
conveniently with the polarograph. An objection to the method was that the products 
might interfere but preliminary experiments with mixtures of mepacrine and its possible 
hydrolysis products (II—\V) showed that (II) and (IV) were too insoluble at pH 7-3 to 
interfere, and that (III) and (V) gave polarograms qualitatively different from those given 
by mepacrine alone. In the latter case the mepacrine concentration could be estimated in 
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the mixtures, whilst amounts of (V) down to 4% of the total acridine concentration and 
of (III) down to 2% could be detected. Another possible objection was that the degrad- 
ation products themselves might hydrolyse to give compounds which would interfere with 
the polarographic estimations; but, in solutions of pH 7:3 at 37°, (III) remained 
unchanged after 12 days and (II) and (IV) showed no change after a month under the 
same conditions, while (V) was hydrolysed to products which did not affect the 
polarographic estimations. 

Hydrolysis of mepacrine and its homologues could be followed by analysing samples 
polarographically or by making the reaction vessel itself a polarographic cell. The latter 
course was adopted as more convenient, for, although some of the acridine homologue 
studied was reduced and thus lost when the polarographic determination was made, 
at most 0-04°% of the total acridine was reduced during a single estimation. Accordingly 
some fifty estimations could be made before the experimental error in reading the diffusion 
current (approximately 1°%,) was exceeded. 


EXPERIMENTAL 


The homologues (I; 1—4) were prepared by standard methods (Magidson et al., Ber., 
1936, 69, 396; Breslow et al., J. Amer. Chem. Soc., 1941, 68, 156; 1946, 68, 100), and were made 
up to known concentrations of about 10 4—2 x 10M, the upper limit of the linear relation between 
polarographic diffusion current and concentration, in 0-05mM-phosphate buffer of pH 7-3 (prepared 
after S6rensen). The buffer solution had been warmed previously in the thermostat at 37° + 0-1°. 
A 25-c.c. sample of each freshly prepared solution was placed in a specially constructed polaro- 
graph cell which could be kept and operated inthe thermostat. Concentrations were estimated 
by taking polarograms at 12—-48-hour intervals, until 33—67% decomposition had occurred 
(10 days to a month). The half-life of each homologue was found to be independent of its 
initial concentration, so that the hydrolyses were of the first order with respect to the derivatives 
studied. The hydrolyses were also independent of the particular conditions prevailing in the 
polarograph cell—the pesence of mercury and the absence of oxygen—for mepacrine in contro] 
solutions free from mercury or exposed to oxygen had the same half-life as in the experimental 
polarograph cells. Control solutions of mepacrine containing glass wool also had the same 
half-life, indicating that the hydrolysis was not a surface reaction. Light, however, appeared to 
enhance the rate of hydrolysis of mepacrine, so the thermostat was darkened during the runs. 
In the control experiments, the concentration of mepacrine was estimated polarographically in 
samples of the reactant solutions. In the main runs the reaction vessel itself was a polarographic 
cell: a typical run, starting with a mepacrine concentration of 85-2 mg./I., is given in the Table. 

First-order Error in First-order Error in 
velocity velocity velocity velocity 
Diffusion const const Diffusion const const 
Time current (hours), obs avg.), Time current (hours), 
(hours) (microamps 10% 108 (hours) (microamps.) < 108 
2-275 533 1-250 12 
2-150 “2! 5 575 1-200 “23 
050 , 621 1-150 ‘10 
950 “Of 669 1-100 “09 
-$50 Of 717 1-050 08 
1-000 08 


*650 “ . 815 0-950 ‘08 
550 “Li f 861 0-900 -O7 
475 “It ‘Of 909 0-850 -O7 
325 


» 
l 
l 
1-750 . 764 
l 
| 
l 
l 


At the end of each experimental run a precipitate was found in the reaction vessel. Polaro- 
grams given by the residual solution indicated that neither (III) nor (V) had been formed to an 
extent exceeding the limits of the polarographic method of detecting them (see above). After 
one of the mepacrine runs the precipitate formed was filtered off and washed free from adherent 
mepacrine and phosphate buffer. The precipitate was soluble in isopropyl alcohol, and a 
standard solution of the precipitated compound therein was made up. Polarograms given by 
this standard solution mixed with an equal volume of 0-1N-tetramethylammonium hydroxide 
showed a single reduction step of half-wave potential —1-47 v, a potential which preliminary 
experiments had shown to be characteristic of 2-chloro-7-methoxyacridone (II) in 50% tso- 
propyl alcohol-tetramethylammonium hydroxide. Such preliminary experiments had in- 
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dicated also that the diffusion current given by the acridone (II) in this mixture was linearly 
proportional to its concentration over the range 4 x 10° to 2 x 10-*m, and from this relation 
the amount of acridone (II) in the standard isopropyl alcohol solution of the precipitate left 
at the end of hydrolytic run was calculated. This showed that, within an error of 5%, 2- 
chloro-7-methoxyacridone (II) was the sole acridine hydrolysis product formed by mepacrine at 
37° in buffer solutions of pH 7-3. (III), (IV), and (V) were not detected, either in the pre- 
cipitate or in the residual solution. 

The four acridine homologues (I; ” = 1—4) were hydrolysed in aqueous buffer solutions at 
37° at rates characterised by the half-lives and first-order velocity constants tabulated. 


Value of pH Half-life Velocity const Dissociation consts.* 
n in (1) at 37 (hours) (hours, x 10%) pKa, pKa, 


l ° 440 6 8- Ss 


yA ° 470 . i 3 


3 5 650 
3 9: 220 
+ “ 2800 "25 ‘9 

* The dissociation constants, Ka, B) . [H*]/{[BH*], Ka, BH H*]/[BH,**], where (B) 
represents the uncharged acridine homologue (1; 1—4) base, BH* its singly charged cation, 
and BH,** its doubly charged cation, are quoted from Hammick and Mason (/., 1950, 345). The 
pKa, values were determined in 50% ethanol—water, and here they are corrected by 0-5 of a pK unit 
which is the average difference between the pKa, values of the acridine homologues in water and 50% 
ethanol—water 


DISCUSSION 

The preceding Table indicates that the rates at which the acridine homologues (I; 
n = 1—-4) are hydrolysed decrease as their basicities increase and, in the case of mepacrine, 
the rate increases with the pH of the buffer solvent. The rate-determining step in these 
hydrolyses may be the attack of any of the species H,O*, H,O, or OH™~, on the base of the 
acridine homologue B, its singly charged cation BH", or its doubly charged cation 
BH,**, or a combination thereof. If the hydrolyses are not subject to general acid—base 
catalysis, and if one mode of attack largely predominates, some light may be thrown on 
the mechanism of the hydrolysis by the ratio of the magnitudes of the velocity constants for 
the hydrolysis of mepacrine at pH 7:3 and pH 9-1. In an attack by a H,O°* ion on B, by 
a H,O molecule on BH* or by a OH™~ ion on BH,**, the first-order velocity constant of 
the hydrolysis can be shown, from the relevant equilibria equations, to be determined by a 
factor [H*]/(Ka, . Ka, + Ka,.{H*]+ [(H*}*). The magnitudes of this factor for the pH 
values of 7:3 and 9-1 stand in the ratio of 2-9, and this should be ratio of the velocity 
constants for the hydrolysis of mepacrine at pH 7-3 and pH 9-1 if the mechanism of the 
reaction is any one, or a combination, of the three modes of attack instanced above. The 
observed values of the velocity constants, 1-1 x 10° and 3-2 x 10°, are in the ratio 2-9, 
the exact agreement perhaps being fortuitous in view of the uncertainty in the factor used 
to correct the Ka, values to aqueous solution, though the factor is not critical. For the 
other possible mechanisms of the hydrolytic reaction the theoretical ratios for the magni- 
tudes of the velocity constants of the mepacrine hydrolysis at pH 7-3 and pH 9-1 range from 
the value of 8-9 « 10° for the attack of the OH™ ion on B, 1-6 « 10? for the attack of an 
OH- ion on BH* or the attack of a H,O molecule on B, 5-1 x 10° for the attack of a 
H,O* ion on BH* or of a H,O molecule on BH,**, to 9-3 x 10 for the attack of a H,O* 
ion on BH,**. Thus the mechanism of the hydrolysis is likely to be either the attack of 
a H,O* ion on B, of a H,O molecule on BH*, of a OH™ ion on BH,**, or a combination of 
such modes of attack. The methods used in the present investigation do not distinguish 
between these three probable modes of reaction, though in the hydrolysis of the acridine 
homologues (1; 2 = 1—4) the attack of an OH™ ion on BH,** is perhaps important since 
5-amino-2-chloro-7-methoxyacridine (III), which does not form a doubly charged cation, 
is hydrolysed very slowly. Moreover, reasons have been given for supposing that the 
analogous reaction of hydrogen sulphide with 5-aminoacridines, to give thioacridones, 
proceeds by a similar mechanism involving an initial attack by a SH™ ion (Asquith, Ham 
mick, and Williams, J., 1948, 1181). 


Dyson PERRINS LABORATORY, OXFORD Received, August 20th, 1952 
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927. Reactions of «8-Unsaturated Cyclic Aldehydes and Ketones. 
Part X.* (+-)-trans-Pulegol and a (—)-Pulegol from (+ )-Pulegone. 


By A. KILLEN MACBETH and J. S. SHANNON. 


The difficulty hitherto experienced in preparing pulegols by the reduc- 
tion of pulegone has been overcome by using lithium aluminium hydride. 
In this way (+)-pulegone readily gives a high yield of mixed alcohols. From 
this, (-+-)-trans-pulegol was isolated, the configuration being established by 
its hydrogenation to tsomenthol. The alcohol is considered to be stereo- 
chemically pure, and a number of derivatives are described. A (—)-pulegol 
which is a stereochemical mixture containing mainly (—)-cis-pulegol was also 
isolated. Infra-red absorption measurements support the pulegol, as 
opposed to the isopulegol, structure. 


PULEGONE (I) can, on reduction, give rise to a pair of epimeric alcohols (II), but dehydration 
to unsaturated hydrocarbons, particularly p-mentha-3: 8-diene (III) and #-mentha- 
2 : 4(8)-diene (IV), has hitherto prevented the isolation of the alcohols in other than small 
yields; and the purity of the alcohols is open to doubt. 


CHMe CHM CHMe CHMe 
H.C CH, H.C CH, H,C CH, H.C CH 
H,C co H,C CH:-OH H,C\. CH H.C. /CH 

C:CMe, C:CMe, C-CMe:CH, C:CMe, 

(I) (II) (IIT) (IV) 


Tiemann and Schmidt (Ber., 1896, 29, 914) claimed to have prepared a pulegol by the 
reduction of (+-)-pulegone by sodium and ethanol, but could not isolate it from the menthol 
mixture produced. The reaction was further examined by Paolini (Atti R. Accad. Lincet, 
1919, 28, 11, 190, 236) who by fractional crystallisation of what he claimed was the 
strychnine salt of pulegyl hydrogen phthalate and subsequent hydrolysis isolated an oil, 
[a], —54°, which he concluded was a pulegol. The claim is doubtful as we have never 
succeeded in preparing a hydrogen phthalate of pulegol on account of the ready dehydration 
to dienes : and it is very unlikely that a pulegol would survive the conditions of acid hydro- 
lysis which Paolini employed. 

The Meerwein—Ponndorf reduction method has also proved unsatisfactory. Read and 
Grubb (J., 1934, 242) did not succeed in isolating any secondary alcohol by the reduction of 
(+-)-pulegone by aluminium tsopropoxide, as dehydration to the menthadiene (III) occurred. 
Using the same reagent under different conditions Doeuvre and Perret (Bull. Soc. chim., 
1935, 2, 298) obtained the two menthadienes (III, IV) and a viscid liquid which they claimed 
to be ‘‘d-pulegol’’: but no crystalline derivatives were prepared. Later Short, Hinton, and 
Read (J., 1939, 1306) using aluminium tsopropoxide under stated conditions claimed to 
have obtained from (-+-)-pulegone a mixture of optically active pulegols and tsopulegols 
which underwent partial dehydration to yield terpenes. From the reaction mixture they 
prepared a 3 : 5-dinitrobenzoate, m. p. 138—139°, [«]}? +45° (c, I in chloroform), which on 
hydrolysis gave an alcohol, b. p. 95°/17 mm., [«]}? +39-3° (c, 1 in alcohol). The alcohol 
was obtained in a yield of less than 1-5° of the (+-)-pulegone used in the reductions, and 
was considered to be an tsopulegol. 

Macbeth and Shannon (/J., 1952, 2852) obtained excellent yields of the secondary 
alcohols when (—)-piperitone was reduced by lithium aluminium hydride, and the two 
epimeric piperitols were isolated stereochemically pure. It was thought that, in the case 
of (+-)-pulegone, similar techniques would lead to equally good yields of the related 
secondary alcohols, and to the characterisation of the epimeric pulegols. Expectations 
of high yields of the pulegols have been realised and stereochemically pure (-+-)-tvans- 
pulegol has been obtained. A levorotatory alcohol which appears to contain a high pro- 
portion of (—)-cis-pulegol has also been prepared, but so far it has not been possible to 
obtain it stereochemically pure. 

* Part IX, J., 1952, 2852. 
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In the work now described the reduction of (-+-)-pulegone («, +20°) with lithium alu- 
minium hydride gave a 90% yield of mixed pulegols (they can usually be distilled without 
dehydration, but on occasions traces of water were formed during distillation through a 
column). Esterification and a few recrystallisations of the product gave (-+-)-irans-pulegy]l 
3 : 5-dinitrobenzoate of constant m. p. (103°) and rotation {[«]?? + 105° (c, 1 in chloroform)}. 
A special technique (see p. 4750) is necessary for these recrystallisations owing to the ease of 
dehydration. Hydrolysis of the ester by the usual methods gave only hydrocarbons, but 
the alcohol was obtained in excellent yield by a simple modification (p. 4750). (+-)-érans- 
Pulegol, m. p. 76°, [«]? +100° (c, 2 in alcohol), which is thus obtained, readily sublimes 
under reduced pressure, and when pure is quite stable. The sublimate may be crystallised 
from aqueous methanol, but crystallisation before sublimation usually results in dehydr- 
ation. It was further characterised as phenylurethane and «-naphthylurethane; these are 
formed in excellent yield and only require one crystallisation to attain maximum melting 
point and rotation, which is indicative of the stereochemical purity of the pulegol. The 
trans-configuration of the alcohol is established by its hydrogenation to (+-)-tsomenthol 
(see below). 

The mixed pulegols give a p-nitrobenzoate in good yield which attains a steady m. p. 
58° and maximum rotation —104° (c, 1 in chloroform) after several crystallisations. A 
small amount of ester isolated from the mother-liquors had a maximum rotation of +55° 
and m. p. 82°. Both esters are readily hydrolysed by the special method mentioned above, 
the (—)-ester giving a (—)-pulegol, m. p. 25°, [«]}’ —85° (c, 2 in alcohol). Catalytic hydro- 
genation of this alcohol gives a menthol mixture from which (—)-menthyl 3 : 5-dinitro- 
benzoate was isolated. The alcohol therefore contains a fair proportion of (—)-cis-pulegol. 
It also contains an isomeric alcohol as dextrorotatory phenyl- and «-naphthyl-urethanes 
were prepared from it, although in poor yield. We are of the opinion that (—)-cis-pulegol 
should have a specific rotation of the order of —150°, and further work is being carried 
out with a view to isolating a stereochemically pure sample. 

It is of interest that the difhculty experienced in the separation of the pulegols from 
their esters owing to dehydration was first overcome by cleavage of the (—)-pulegyl #- 
nitrobenzoate by lithium aluminium hydride. In this way the pulegol mixture having 
[a}i® —85° was obtained in 35% yield. The last traces of the ‘‘ azo-alcohol’’ which is 
formed together with the pulegol are difficult to remove and the method was abandoned 
when the modified alkaline hydrolysis method already mentioned was devised and found 
to give much better yields. The hydride may, however, be useful in the case of alcohols 
which are very readily dehydrated during the hydrolysis of their esters. The azo-alcohol 
is being further examined. 

Malcolm and Read (/J., 1939, 1037) deduced the molecular configuration of (—)-trans- 
menth-4-en-3-ol by correlation of the alcohol with the methols obtained on catalytic 
hydrogenation : and a general method of establishing the configuration of the menthen-3-ols 
in this way was envisaged. (-+-)-trvans-Pulegol (V) can give rise to a mixture of (+-)-tso- 
menthol (VI) and (+-)-neomenthol (VII), as a new asymmetric centre at C,,) is produced 
on saturation of the ethylene linkage. Similarly (—)-cts-pulegol (VIII) may be expected 
to yield (—)-menthol (IX) and (+)-neotsomenthol (X). The isopulegols (cf. XI) can 
yield only one menthol (cf. XII), the product being determined by the existing configur- 
ation of the particular tsopulegol examined. 
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Short and Hinton Read (/oc. cit.) found that catalytic reduction of their alcohol yielded 
exclusively (+-)-neomenthol (XII) and so considered it to be (+-)-neoisopulegol (XI). It 
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would seem, however, that this test is not rigidly diagnostic since Macbeth and Shannon 
(loc. cit.) have shown that (-+-)-trans-piperitol yields only (-+-)-tsomenthol on catalytic 
hydrogenation over Raney nickel : and it is now found that the (+-)-‘rans-pulegol described 
in this paper also yields exclusively (+-)-isomenthol under the same conditions. Since the 
levorotatory alcohol on similar hydrogenation gives a good yield of (—)-menthoil it is 
considered to consist essentially of (—)-cis-pulegol. As both the pulegols now described 
are solids, and as their 3 : 5-dinitrobenzoates differ markedly from that obtained by Short 
and Hinton Read (loc. cit.), it may well be that their alcohol is in fact (-+-)-neoisopulegol. 
In view of the doubt about the correlation of the menthols as a diagnostic principle in 
establishing configuration, further support was sought from the study of the infra-red 
spectra of the alcohols. Barnard, Bateman, Harding, Koch, Sheppard, and Sutherland 
(J., 1950, 916) have shown that the out-of-plane deformational modes of vibration of the 
olefinic hydrogens of the tsopropeny] group result in a strong band at or very near to 890 
cm."!, while the C—C stretching frequency of the same group appears near 1645 cm... 
In close agreement with these figures a sample of tsopulegol kindly examined for us by 
Mr. J. B. Willis and Mr. R. Werner was found to have a strong band at 889 cm.~}, its C=C 
stretching frequency occurring at 1641 cm.~!. The spectrum of the pure sample of (+-)- 
trans-pulegol showed no band at 885—890 cm.~!, so that the presence of an isopropenyl 
group is precluded. It showed no band between 1600 and 1700 cm.! which is expected for 


Sr , —— ‘ : Rec wutiet Je ‘ 
the C—C bond, but this is very weak in the grouping c- -Co- (Kletz and Sumner, /., 


~ — 
1948, 1456). 
}.XPERIMENTAL 

Reduction of (+-)-Pulegone.—(-+-)-Pulegone (100 g.), b. p. 70°/2 mm., a} + 20-6° (homo- 
geneous), obtained from oil of pennyroyal (Mentha pulegium) by fractional distillation, was 
dropped in anhydrous ether (200 ml.) into a stirred suspension of lithium aluminium hydride 
(9 g.) in ether (250 ml.) during 1 hour, and the mixture was boiled for a further 2 hours, 
then decomposed by the addition of water (10 ml.), followed by 5% sodium hydroxide 
solution (100 ml.). The aluminium hydroxide was filtered off on a sintered-glass funnel, and 
the filtrate washed with water. The ethereal solution was dried (MgSO,-K,CO,) after 
addition of a few drops of dimethylcyclohexylamine, and subsequent removal of the solvent and 
distillation of the residue gave a mixture of pulegols (92 g., 90%), b. p. 50°/0-2 mm., [a]? —70 
(c, 2 in alcohol), which soon crystallised as a camphoraceous mass, m. p. ca. 20°. 

This mixture (80 g.) was dissolved in light petroleum (1100 ml.; b. p. 60—80°) and dried 
(MgSO,-K,CO,). Pyridine (40 g.) was added and then 3: 5-dinitrobenzoyl chloride (115 g.) in 
dry benzene (200 ml.), with shaking, at such a rate that the temperature did not rise above 
35 After 3 hours the mixture was washed successively with water, 5% sodium hydroxide 
solution, and water. Removal of the solvent after drying (MgSO,—-K,CO,) left the crude ester 
(50 g.) as yellow crystals (27% based on pulegol). These were purified as follows. Their 
suspension in light petroleum (b. p. 40—60°) was treated at <60° with benzene until dissolution 
occurred. Crystals separated as the solution cooled. Three such crystallisations gave (-+)- 
trans-pulegyl 3: 5-dinitrobenzoate (36 g.) as long yellow needles, m. p. 103°, [a]? + 105° (c, 1 in 
chloroform) (Found: C, 59-2; H, 5:7. C,,H,»O,N, requires C, 58-95; H, 5-5%). 

(+-)-trans-Pulegol.—Potassium hydroxide (10 g.), dissolved in the minimum amount of 
absolute methanol (near the b. p. on the hot plate), was added to a solution of (+-)-trans-pulegyl 
3 : 5-dinitrobenzoate (30 g.) in anhydrous ether (250 ml.). Potassium 3 : 5-dinitrobenzoate was 
precipitated immediately and after a few minutes’ shaking the mixture was set aside for an 
hour. After filtration of the potassium salt the ethereal solution was washed and dried 
(MgSO,-K,CO,), and on removal of the solvent (+)-trans-pulegol was obtained as colourless 
crystals which sublimed when distillation under reduced pressure was attempted. The pure 
crystals obtained by sublimation had m. p. 76°, [«]}? + 100° (c, 1 in alcohol), unaltered on re- 
crystallisation from aqueous methano] (Found: C, 77-9; H, 11:8. Cy H,,0 requires C, 
77-9; H, 11°7%). 

Pheny] isocyanate (0-7 g.) was added to the pulegol (0-8 g.) in the absence of a solvent and the 
mixture left overnight. One crystallisation from light petroleum (b. p. 60—80°) gave pure 

-trans-pulegylphenylurethane (1-35 g., 90%), needles, m. p. 101°, [a]}8 +.55° (c, 1 in chloroform) 


(Found: C, 75-0; H, 8-2; N, 54. C,,H,,;0,N requires C, 74:7; H, 8:4; N, 5:15%). (+)- 


\ 


trans-Pulegyl-x-naphthylurethane, similarly prepared and once crystallised from light petroleum 
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(b. p. 60—80°), formed needles, m. p. 111°, [a]? +97° (c, 1 in chloroform) (Found: C, 78-0; 
H, 8-0; N, 4:2. C,,H,,O,N requires C, 78-0; H, 7-75; N, 4°35%). 

Hydrogenation of (+-)-trans-Pulegol.—The alcohol (0-5 g.) in ethanol (8 ml.) containing 
Raney nickel catalyst (0-3 g.) was hydrogenated at 130°/800 lbs. for an hour. After filtration 
and removal of most of the ethanol under reduced pressure, addition of water (25 ml.) pre- 
cipitated a solid with a menthol-like odour. This was extracted with light petroleum (b. p. 
60—80°) and after drying and removal of the solvent the residual solid, [«]?? + 28° (c 1 in alcohol), 
was converted into the 3: 5-dinitrobenzoate. One crystallisation from light petroleum (b. p. 
60—80°) gave an ester (1-1 g., 95% based on pulegol), m. p. 147° alone or mixed with (+4 
isomenthy!l 3 : 5-dinitrobenzoate. 

(—)-Pulegyl p-Nitrobenzoate.—The crude alcohol (22 g.), m. p. ca. 20°, [a]#? —70°, was 
esterified by adding p-nitrobenzoy] chloride (28 g.) in dry benzene (50 ml.) to its stirred solution 
in light petroleum (b. p. 60—80°; 100 ml.) at <35°. After 3 hours the mixture was washed 
successively with water, 5° sodium hydroxide solution, and water. After drying (MgSO,-K,CO,) 
the solvent was removed. The resulting ester (37 g., 84% based on pulegol), m. p. 42—45°, 
fa]i§ —85° (c, 1 in chloroform), recrystallised irom light petroleum (b. p. <40°) in which it is 
very soluble, as large prismatic rods (after four crystallisations), m. p. 58°, fa]? ~—104° (c, 1 in 
chloroform) (Found: C, 67-65; H, 7-1; N, 4:95. ©C,,H,,O,N requires C, 67-3; H, 6-95; 
N, 4:6%). 

(+)-Pulegol.—(i) Attempts to hydrolyse the p-nitrobenzoate by alcoholic alkali yielded 
only hydrocarbons by the usual methods. 

(ii) Lithium aluminium hydride cleavage. The ester (5 g.) in anhydrous ether (25 ml.) was 
dropped during 20 minutes into a stirred suspension of the hydride (3 g.) in ether (50 ml.). A 
scarlet-red colour was produced when the two solutions mixed, the solution as a whole being 
greenish-yellow. The mixture was refluxed for a further 2 hours. After decomposition by 
5% sodium hydroxide solution, the aluminium hydroxide was filtered off and washed with 
benzene. The benzene-ether layer was separated, washed with water, dried (MgSO,-K,CO,), 
and freed from solvents. The residue was taken up in warm light petroleum (b. p. <40°), and 
the solid (azo-alcohol) which separated on cooling was filtered off. The (—)-pulegol (0-9 g.) 
obtained after removal of the solvent and distillation had b. p. 80°/4-5 mm., [a]? —85° (c, 1 in 
alcohol), m. p. 25°. This procedure is wasteful. 

(iii) By the method described for (+-)-trans-pulegol the p-nitrobenzoate (20 g.) gave ( 
pulegol as a camphor-like solid (9 g., 90%), b. p. 50°/0-2 mm., [a]? —85° (c, 1 in alcohol), m. p. 
25° (Found: C, 77-9; H, 11-75. C, 9H,,O requires C, 77-9; H, 11-7%). 

The alcohol appears to be a mixture as, although it yields a levorotatory 3: 5-dinitro- 
benzoate (50%) and phthalimidoacetate (15%), the phenyl- and «-naphthyl-urethanes (20—30°% 
vields) were dextrorotatory. (—)-Pulegyl 3: 5-dinitrobenzoate, crystallised as pale yellow 
needles from light petroleum (b. p. 40—60°), had m. p. 70°, [{«]}? —65° (c, 1 in chloroform) 
(Found: N, 8-2. C,,H,O,N, requires N, 8-05%). (—)-Pulegyl phthalimidoacetate, small 
needles from light petroleum, had m. p. 86°, [«]}? —11° (c, lin chloroform) (Found: N, 4-05. 
Cy9H,,0,N requires N, 4-1%). A phenylurethane was obtained when the sample of (—)-pulegol 
(1-6 g.) was mixed with phenyl isocyanate (1-4 g.) and left overnight. The product (1 g.) 
separated from light petroleum (b. p. 60—80°) as fine needles, m. p. 125°, [a]}? +53° (c, 1 in 
chloroform) (Found: N, 5:4. C,,H,,0,N requires N, 5-15%). An a-naphthylurethane similarly 
prepared had m. p. 122—123°, [a)}? +.56° (c, 1 in chloroform) (Found: N, 4:55. C,,H,;0,N 
requires N, 4:35%). 

Hydrogenation of (—)-Pulegol.—(—)-Pulegol (1-5 g.) in ethanol (15 ml.) containing Raney 
nickel catalyst (0-5 g.) was hydrogenated for an hour at 120°/700 lbs. Working up as in the 
previous hydrogenation gave a crude menthol mixture (1-3 g., 87%), [a]? —24° (c, 0-5 in alcohol) 
which was esterified with 3: 5-dinitrobenzoyl chloride. Two crystallisations from light petro- 
leum (b. p. 60—80°) gave a pure ester (0-8 g., 30% based on crude menthol), m. p. 153° not 
depressed on admixture with authentic (—)-menthyl 3: 5-dinitrobenzoate. No other ester was 
isolated. 


We are indebted to Mr. J. B. Wilton for help in some of the earlier experiments, and to 
Professor John Read, F.R.S., for the gift of a sample of (+)-isomenthol. We thank also Mr 
J. B. Willis and Mr. R. Werner for data on the infra-red spectra of pulegol and isopulegol. 

JOHNSON CHEMICAL LABORATORIES, 

THE UNIVERSITY OF ADELAIDE, AUSTRALIA. Received, August 25th, 1952 
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928. The Chemistry of Extractives from Hardwoods. Part X.* 
The Constitution of Ferreirin and of Homoferreirin. 


By F. E. Kinc and K. G. NEILL. 


Ferreirin and homoferreirin, which are present in the heartwood of 
Ferveivea spectabilis, are respectively 5:7 : 2’-trihydroxy-4’-methoxy- and 
5 : 7-dihydroxy-2’ : 4’-dimethoxyisoflavanone, thus being the first simple 
isoflavanones to be encountered in Nature. 


THE isolation of two new phenols, ferreirin, C,gH,,O,, and homoferreirin, C,,H,,0., from 
the heartwood of Ferreirea spectabilis has already been recorded.* Ferreirin, which 
contains one methoxyl group, yielded first a dimethyl ether and on prolonged methylation 
a trimethyl] derivative, thus reacting as a trihydric phenol with one hydroxyl group masked 
by chelation. It gave a colour reaction when reduced by sodium amalgam which was not 
obtained with magnesium and hydrochloric acid, and therefore appeared to be a trihydroxy- 
methoxy-flavone or -isoflavone (Briggs and Locker, J., 1949, 2157). However, the mole 
cular formula of ferreirin contains two hydrogen atoms more than are present in compounds 
of this constitution, and, since a flavanone structure is excluded by the absence of a colour 
reaction on reduction under acid conditions, these observations led to the conclusion that 
ferreirin is a dihydrozsoflavone (tsoflavanone). When preliminary experiments on the 
degradation of ferreirin and of its trimethyl ether by alkali fusion were unsuccessful, 
attempts were made to effect dehydrogenation to the corresponding isoflavone. This was 
accomplished with trimethylferreirin, C,H 90,, by using palladised charcoal at 250°, or 
selenium dioxide, the product having the composition C,,H,,0,. The oxidation of sub- 
stituted flavanones to flavones with selenium dioxide has been described by Mahal, Rai, 
and Venkataraman (/J., 1935, 866) but the catalytic dehydrogenation method does not 
hitherto appear to have been used in the flavone or tsoflavone series. The tsoflavone 
structure of the compound C,,H,,0., was demonstrated by alkali hydrolysis to formic acid and 
a product, C,gH»9O0,, which in its reaction with 2 : 4-dinitrophenylhydrazine and its weakly 
phenolic properties behaved as an o-hydroxyphenyl ketone. Afterwards, this ketone was 
also obtained by prolonged hydrolysis of trimethylferreirin, presumably with the liberation 
of formaldehyde which, however, was not detected. 

With concentrated nitric acid trimethylferreirin yielded 2 : 4-dimethoxy-5-nitrobenzoic 
acid which was identified by synthesis, and it then became evident that two of the methoxyl 
groups in trimethylferreirin were at positions 2’ and 4’, while a third, corresponding to the 
chelated hydroxy! of ferreirin, occupied the 5-position. The natural occurrence of the tso- 
flavanone with the phloroglucinol derivatives naringenin and biochanin-A (see Part LX) 
was assumed to denote a similar orientation of hydroxyl groups in ferreirin, whence it 
follows that the compound C,gH990, is 2 : 4-dimethoxybenzy! 2-hydroxy-4 : 6-dimethoxy- 
phenyl ketone (I; R =H). These conclusions were largely confirmed by a synthesis of 
2 : 4-dimethoxybenzy] 2 : 4 : 6-trimethoxypheny] ketone (I; R = Me) which was identical 
with the methyl ether of the hydrolysis product C,.H0,. The intermediate 2 : 4-dimethoxy- 
phenylacetic acid was prepared by Kindler’s modification of the Willgerodt reaction 
(Org. Reactions, 1946, 3, 83) from 2: 4-dimethoxyacetophenone, the intermediate thio- 
morpholide being hydrolysed without isolation ; the acid chloride was then condensed with 
2 : 4: 6-trimethoxybenzene in ether containing aluminium chloride. 

The recognition of the ketone C,gH 0, as (I; R = H) simultaneously showed tri- 
methylferreirin to be 5:7: 2’: 4’-tetramethoxytsoflavanone. This compound was syn- 
thesised from the pentamethoxy-ketone (I; R Me) which was first demethylated with 
aluminium chloride in warm ether to 2 : 4-dimethoxybenzyl 2-hydroxy-4 : 6-dimethoxy- 
phenyl ketone (I; R = H) identical with the principal hydrolysis product of trimethyl- 
ferreirin. Condensation with ethyl formate and sodium readily gave the tetramethoxy- 
isoflavone (II), and by catalytic reduction the isoflavanone trimethylferreirin was obtained. 


* Part IX, J., 1952, 4580 
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The position of the methoxyl group in ferreirin was determined in the usual manner, 
namely, by permanganate oxidation of. ferreirin diethyl ether (III; R = Et), the presence 
of the 5-hydroxyl group ensuring ready attack by the reagent. An O-ethyl-O-methyl-8- 
resorcylic acid was thereupon isolated, but, since neither of the possible products was 
then known, its identification necessitated a synthesis of the two isomers. 4-Ethoxy-2- 
methoxybenzoic acid was obtained by ethylation of 8-resorcylic acid followed by methyl- 
ation of the resulting 4-ethyl ether, and the 2-ethoxy-4-methoxy-acid by reversing this 
procedure. In this way the oxidation product was recognised as 2-ethoxy-4-methoxy- 
benzoic acid, whence it is apparent that ferreirin is 5: 7 : 2’-trihydroxy-4’-methoxyiso- 
flavanone (III; R = H). 
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The close relationship between ferreiran and homoferreirin has already been shown 
(Part I) by their methylation to the same tetramethyl compound now known to be 5:7: 2’: 4’- 
tetramethoxyisoflavanone; furthermore, with diazomethane, homoferreirin affords a 
monomethyl derivative identical with ferreirin dimethyl ether (III; R= Me). The 
structure of homoferreirin was elucidated by partial alkylation to ethylhomoferreirin which 
when oxidised by permanganate gave 2 : 4-dimethoxybenzoic acid. It was then obvious 
that homoferreirin is 5: 7-dihydroxy-2’ : 4’-dimethoxyisoflavanone (IV; R H), its 
mono-methyl and -ethyl ethers being (IV; R = Me and Et.respectively). 

The occurrence of the simple isoflavanone nucleus has not previously been observed in 
Nature, and existing members of the group, excepting the more condensed derivatives 
found in derris root, are synthetic compounds obtained by the reduction of isoflavones. 
The presence of the 2’-hydroxyl group in ferreirin, however, suggests a possible connexion 
with certain extractives from the insoluble redwoods (principally Pterocarpus spp.), since 
reductive condensation of the named substituent with the carbonyl group would result in a 
tetracyclic system shown by McGookin, Robertson, and Whalley (J., 1940, 787) to exist 
in the colourless constituents pterocarpin (V; methylenedioxy at X and Y) and homo- 
pterocarpin (V; methoxy at X). 


EXPERIMENTAL 

5-Hydroxy-7 : 2’; 4’-trimethoxyisoflavanone (Dimethylferreirin) (III; R = Me).—Ferreirin 
(1 g.), heated under reflux for 8 hours in acetone with methyl sulphate (0-6c.c., 2-1 mols.) and 
potassium carbonate, gave dimethylferreirin, which crystallised from methanol in needles 
(0-3 g.), m. p. 119—120° (Found: C, 65-1; H, 5-3; OMe, 27-4. (C,,H,,O, requires C, 65-4; 
H, 5-5; 30Me, 28-1%). The dimethyl ether (0-5 g.) was also prepared from a solution of 
ferreirin (1 g.) in methanol by the action of ethereal diazomethane followed by chromatographic 
purification in benzene on alumina. It was insoluble in aqueous alkalis and gave a brown- 
violet ferric reaction. The acetate, prepared with sodium acetate—acetic anhydride, crystallised 
from ethyl acetate—-light petroleum in rhombs, m. p. 194—195° (Found: C, 64-4; H, 54; 
OMe, 24:7. Cy HO, requires C, 64-5; H, 5-4; 30Me, 24-99%). Identical products were 
obtained from homoferreirin. 

Limited heating with acetic anhydride-sodium acetate converted homoferreirin into 7- 
acetoxy-5-hydroxy-2’ : 4’-dimethoxyisoflavanone which crystallised from ethyl acetate-light 
petroleum in plates, or from methanol in needles, m. p. 145—146° (Found: C, 63-6; H, 5-0; 
OMe, 17-3. C,,H,,O, requires C, 63-7; H, 5-1; 20Me, 17-3%). The acetate gave a brown- 
violet ferric colour. 
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5:7: 2°: 4’-Tetramethoxyisoflavanone (Trimethylferreivin).—Ferreirin or dimethylferreirin 
in acetone with excess of methyl sulphate and potassiym carbonate (24 hours) yielded trimethyl- 
ferreirin, needles (from benzene), m. p. 163° (Found: C, 66-8; H, 6-0; OMe, 36-5. C,,H,, O, 
requires C, 66-3; H, 5-85; 40OMe, 36-0%). 

Whereas ferreirin gave oxalic acid as the only insoluble product of oxidation in aqueous 
alkaline permanganate at room temperature, trimethylferreirin was almost entirely unaffected 
by potassium permanganate in boiling acetone for 15 hours. 

7 : 2’-Diethoxy-5-hydroxy-4’-methoxyisoflavanone (Diethylferreirin) (III; R = Et).—Ferreirin 
(3 g.) was refluxed in acetone with potassium carbonate and ethyl sulphate (2-7 g., 2-1 mols.) 
for 3 hours. The product after crystallisation from benzene consisted of diethylferreirin, 
needles (1-8 g.), m. p. 127—128° (Found: C, 67-4; H, 6-5. C,9H,.O, requires C, 67-0; H, 6-2%), 
insoluble in aqueous alkalis and giving a brown-violet ferric reaction. 

Dehydrogenation of Trimethylferreirin to 5:17: 2’: 4’-Tetramethoxyisoflavone (II).—(a) 
With palladised charcoal. Trimethylferreirin (0-2 g.) and palladised charcoal (0-1 g.) were 
refluxed in Dowtherm (6 c.c.) under carbon dioxide for 7 hours. 5:7: 2’: 4’-Tetramethoxyiso- 
flavone was obtained, after filtration, by diluting the mixture with light petroleum, and crystal- 
lised from benzene-light petroleum in needles or from methanol in rhombs (yield 0-05 g.), m. p. 
203—204° (Found: C, 65-8; H, 5-2; OMe, 36-2. C,,H,,O, requires C, 65-6; H, 5-3; 40Me, 
36-2%). Reduction with sodium amalgam and acidification produced a pink coloration. 

(b) With selenium dioxide. Trimethyferreirin (5 g.) and selenium dioxide (2 g.) were refluxed 
in isoamy] alcohol (50 c.c.) for 24 hours. The solution was filtered and the alcohol removed in 
steam. The product was purified by chromatography in benzene on alumina but it was 
necessary to reflux it in methanol with Raney nickel to eliminate the last traces of selenium 
compounds. The resulting isoflavone (II) had m. p. and mixed m. p. 203—-204° (Found: C, 
65:4; H, 5-0; OMe, 36-5%). 

2 : 4-Dimethoxybenzyl 2-Hydroxy-4 : 6-dimethoxybenzyl Ketone (1; R = H).—(a) 5:7: 2’: 4’- 
Tetramethoxyisoflavone (1 g.) and potassium hydroxide (5-5 g.) were refluxed in alcohol (25 c.c.) 
and water (25c.c.) for lhour. The solution was then acidified with phosphoric acid and extracted 
with ether, thus yielding the ketone (I; R = H), in rectangular plates (0-9 g.), m. p. 139°, 
from methanol (Found: C, 64-8; H, 6-0; OMe, 37-2. C,,H., O, requires C, 65-0; H, 6-1; 
40Me, 37-4%). It gave a brown-red colour with ferric chloride and slowly formed a 2: 4- 
dinitrophenylhydrazone precipitate with Brady’s reagent. The residual acidified (Congo- 
red) aqueous-alcoholic solution was reduced by distillation to ca. 10 c.c. The distillate was 
neutralised with 0-1n-sodium hydroxide (required, 25 c.c.; calculated formic acid equivalent, 
29-2 c.c.) and gave the usual formate tests. 

(6) By refluxing trimethylferreirin (1 g.) in alcohol (50 c.c.) and water (10 c.c.) containing 
potassium hydroxide (5 g.), the ketone (1; R = H), m. p. 139°, was once more obtained (yield 
0-2 g.) (Found: C, 64:9; H, 6-0; OMe, 35-5%). 

(c) 2: 4-Dimethoxybenzy]l 2: 4 : 6-trimethoxypheny] ketone (I; R = Me) (0-4 g.) was heated 
under reflux in ether (20 c.c.) with aluminium chloride (4 g.) for 10 hours. The solid formed 
when the mixture was poured into water was dissolved in boiling hydrochloric acid (10 c.c.) 
and acetic acid (20 c.c.), whereupon dilution with water precipitated the ketone (I; R H) 
0-25 g.). 

2: 4-Dimethoxy-5-nitrobenzoic Acid.—Trimethylferreirin (2 g.) was refluxed with concen- 
trated nitric acid (15 c.c.) for 10 minutes and the resulting solution poured into water. The 
precipitated solid was immediately removed and from the filtrate 2 : 4-dimethoxy-5-nitrobenzoic 
acid slowly separated which after crystallisation from water was obtained as fawn needles, 
m. p. 221° (Found: C, 47-5; H, 3-9; N, 58; OMe, 24-6. Calc. for C,JH,O,N: C, 47-5; H, 
4-0; N, 6-2; 20Me, 27-7%). A specimen similarly prepared from 2 : 4-dimethoxybenzoic acid 
had m. p. and mixed m. p. 221°; Goldstein and Jaquet (Helv. Chim. Acta, 1941, 24, 30) give 
m. p. 220°. With diazomethane in ether—methanol both specimens of acid formed the methy] 
ester, m. p. 147—148-5° (lit., 147°, 150°) (Found: C, 49-9; H, 5-1; N, 5-7. Calc. for C,9H,,O,N : 
C, 49-8; H, 4-6; N, 5-8%). 

2: 4-Dimethoxyphenylacetic Acid.—2 : 4-Dimethoxyacetophenone (27 g.), morpholine (26 c.c.), 
and sulphur (9-5 g.) were heated under reflux for 8 hours. Excess of morpholine was removed 
from a chloroform solution of the product with dilute hydrochloric acid, and the crude morpho- 
lide refluxed for 8. hours with sodium hydroxide (80 g.) in water (600 c.c.). The solid (10 g.) 
obtained by acidification gave 2: 4-dimethoxyphenylacetic acid as needles (7-8 g.) of m. p. 
111—112° when crystallised from benzene-—light petroleum; Pschorr and Knoffer (Annalen, 
1911, 382, 56) give m. p. 113° (corr.). 
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The action of thionyl chloride and of phosphorus pentachloride gave resinous products, and 
2 : 4-dimethoxyphenylacetyl chloride was therefore prepared from a solution of the acid (1 g.) in 
chloroform (8 c.c.) with phosphorus trichloride (0-4 c.c.), the mixture being warmed to 60° for 1 
minute after 2 hours at room temperature. The solution was decanted from phosphorous acid 
and evaporated in a vacuum to leave the acid chloride as a pale yellow oil. 

2 : 4-Dimethoxybenzyl 2: 4 : 6-Trimethoxyphenyl Ketone (1; R = Me).—(a) 1: 3: 5-Trimeth- 
oxybenzene (1 g.) and aluminium chloride (1-3 g.) were dissolved in ether (20 c.c.) and treated 
in the cold with an ethereal solution (20 c.c.) of the acid chloride prepared from 2 : 4-dimethoxy- 
phenylacetic acid (1 g.). After 36 hours in the refrigerator, the neutral product was isolated 
from the ether and purified in benzene by chromatography on alumina. The pentamethoxy- 
ketone (1; R = Me) crystallised from benzene in needles (0-75 g.), m. p. 110—111° (Found: 
C, 65-6; H, 6-1; OMe, 44-1. C,,H,,O, requires C, 65-9; H, 6-4; 50OMe, 448%). 

(b) 2: 4-Dimethoxybenzyl 2-hydroxy-4 : 6-dimethoxyphenyl ketone (1 g.), obtained by 
alkali hydrolysis of 5: 7: 2’ : 4’-tetramethoxyisoflavone, was refluxed in acetone with methyl 
sulphate and potassium carbonate for 24 hours. The crystallised product (0-7 g.) (Found: 
C, 66-0; H, 6-1%) had m. p. 110—111° alone or mixed with the ketone (I; R = Me) of synthetic 
origin. 

Synthesis of Trimethylferreirin.—2 : 4-Dimethoxybenzyl 2-hydroxy-4 : 6-dimethoxyphenyl 
ketone (1 g.) was stirred with powdered sodium (1 g.) in ethyl formate (25 c.c.) for 9 hours at 
0° and then left in the cold overnight. Crushed ice was added, the excess of formate evaporated 
by vigorous stirring, and the product liberated by acid was taken up in benzene and the solution 
fractionated on alumina. The eluate crystallised from methanol in rhombs (0-25 g.), m. p. 
and mixed m. p. 203—204°, identical with 5:7: 2’: 4’-tetramethoxyisoflavone obtained by 
dehydrogenation of trimethylferreirin of natural origin (Found : C, 65-9; H, 5-0; OMe, 34-7%). 

Hydrogenation of the isoflavone in acetic acid with palladised charcoal at room temperature 
required 24 hours. The once crystallised product consisted of trimethylferreirin, m. p. 163 
(Found: C, 66-1; H, 5-7%). 

Oxidation of Diethylferreirin (III; R = Et).—Diethylferreirin (1 g.) was refluxed with a 
saturated solution of potassium permanganate in acetone added in portions until oxidation 
ceased. The precipitate was then collected and dissolved in sulphurous acid and the solution 
extracted with ether. The sodium hydrogen carbonate-soluble fraction of the extract, after 
reprecipitation, crystallised from benzene-light petroleum, yielding 2-ethoxy-4-methoxybenzoic 
acid in needles, m. p. 114—115° (Found: C, 60-9; H, 6-0; OMe, 32-5. C, 9H,,O, requires 
C, 61-2; H, 6-2%). The benzylthiuronium salt separated from chloroform-—light petroleum in 
needles, m. p. 136—137° (Found: N, 7-5. C,gH,.O,N,S requires N, 7-7%). 

2-Ethoxy-4-methoxybenzoic Acid.—2-Hydroxy-4-methoxybenzoic acid (0-8 g.) (Gomberg and 
Johnson, J. Amer. Chem. Soc., 1917, 39, 1687) in 2N-aqueous sodium hydroxide (20 c.c.) was 
vigorously stirred while ethyl sulphate (50 c.c.) was added in portions, the solution being kept 
alkaline with 40% sodium hydroxide. When a neutralised test portion no longer gave a ferric 
reaction, the mixture was heated to 100° for $ hour, and the precipitate obtained by acidification 
was crystallised from water. 2-Ethoxy-4-methoxybenzoic acid (0-6 g.) separated in needles, 
m. p. 114—115° alone or mixed with the acid formed in the oxidation of diethylferreirin (Found : 
C, 61-2; H, 6-2%) [benzylthiuronium salt, m. p. and mixed m. p. 136—137° (Found: N, 
7-9%)]. 

4-Ethoxy-2-methoxybenzoic Acid.—4-Ethoxy-2-methoxybenzoic acid (1 g.), prepared by 
Perkin’s method (jJ., 1895, 67, 995), was methylated with methyl sulphate and 40% aqueous 
sodium hydroxide and the solution finally heated at 100°. The product thrown down by acidific- 
ation gave (from benzene) rectangular plates (0-5 g.), m. p. 121°, consisting of 4-ethoxy-2-methoxy- 
benzoic acid (Found: C, 61-1; H, 62%). The benzylthiuronium salt crystallised from chloroform 
in needles, m. p. 161° (Found : N, 7-8%). 

7-Ethoxy-5-hydroxy-2’ : 4’-dimethoxyisoflavanone (Ethylhomoferreirin) (IV; R = Et).—Homo- 
ferreirin (0-6 g.) was refluxed in acetone with ethyl sulphate (0-3 c.c., 1-1 mol.) and potassium 
carbonate for 24 hours. Ethylhomoferreirin (0-6g.), which gave a brown-violet ferric reaction, 
crystallised from methanol in prisms, m. p. 126° (Found: C, 66-2; H, 5-7. Cy gH» O, requires 
C, 66-3; H, 5-9%). 

Permanganate Oxidation of Ethylhomoferreirin.—The oxidation of ethylhomoferreirin (0-9 g.) 
was carried out as that of diethylferreirin (III; R = Et), the product isolated by ether-extrac- 
tion of the sulphurous acid solution being combined with a small quantity obtained by evapor- 
ation of the acetone. Purified by reprecipitation from aqueous sodium hydrogen carbonate and 
crystallisation from water, the resulting acid (20 mg.) had m. p. 107—108° alone or mixed with 
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2 : 4-dimethoxybenzoic acid (lit., m. p. 109°) (Found: C, 59-0; H, 5-4; OMe, 33-4. Cale. for 
C,H,,0,: C, 59-3; H, 5-6; 20Me, 34%). The benzylthiuronium salt crystallised from chloro- 
form in needles, m. p. 158—159° alone or with the corresponding authentic 2 : 4-dimethoxy- 
benzoate (Found: N, 8-0. C,,;H,,0,N,S requires N, 8-0%). Similarly, the oxidation of 
homoferreirin afforded 2 : 4-dimethoxybenzoic acid, m. p. 107—108°. 


The authors thank the Directors of Messrs. British Celanese, Ltd., for the award (to K. G. N.) 
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929. The Effects of Crystal Fields on the Properties of 


Transition-metal Ions. 
By L. E. ORGEL. 


The properties of the ions of the transition metals are discussed in terms 
of Schlapp and Penney’s theory of crystal fields (Phys. Review, 1932, 42, 666). 
Attention is drawn to the general similarity of the crystal-field theory and 
Pauling’s theory of covalent and ionic bonds (‘‘ The Nature of the Chemical 
Bond,’”’ New York, 1945). It is shown that the heats of hydration, the 
magnetic and optical properties, and the stereochemistry of certain transi- 
tion-metal compounds can be interpreted in terms of crystal-field theory. 


In discussions of the chemical and physical properties of the compounds of the transition 
metals two apparently different approaches are possible. One may adopt either Pauling’s 
theory of ionic and covalent bond types (‘‘ The Nature of the Chemical Bond,’’ New York, 
1945, Chapter III) or Schlapp and Penney’s theory of crystal fields (Phys. Review, 1932, 
42, 666) which is the basis of most of the detailed magnetic studies (Abragam and Pryce, 
Proc. Roy. Soc., 1951, 205, A, 135). It is the object of this paper to illustrate the qualitative 
similarity of the theories and to show how the crystal-field formulation may be used to 
interpret the heats of hydration, magnetic behaviour, optical absorption, and stereo- 
chemistry of the transition-metal ions. 

The essential physical idea of the crystal-field theory is that the electrons of a central 
ion tend to avoid those regions where the field due to the attached negative ions and dipoles 
is largest. This tendency may result in the removal of the degeneracy of the ground 
state of certain transition-metal ions: thus the set of d-orbitals in a field due to a regular 
octahedron of negative ions or dipoles is split into two levels, a lower triplet 7, and an 
upper doublet E. The triplet of orbitals corresponds to a high electron density between 
the lines joining the centre to the vertices of the octahedron, the doublet to a high density 
along these lines. For a single d-electron the lower level will be occupied but the position 
of the upper level can be found from the visible or infra-red spectrum which gives the 
energy difference. It will be shown that the connection between this theory and Pauling’s 
orbital theory follows from the properties which an ion develops in an electric field. Asa 
result of the spatial shift of electronic charge, the electronegativity becomes dependent 
on the direction, being greatest in the direction of attached negative groups and least 
between these directions, where the shielding is greatest. 

In the case of more than one electron in a cubic field the tendency of electrons to 
accumulate between the bonding directions is opposed by the electrostatic repulsions 
between electrons. The properties of the ion now depend more critically on the strength 
of the field. 

Weak Fields.—If the cubic field is weak compared with these repulsions it may be 
shown that its effect is to cause a splitting of the ground state of the ion provided this is 
not an S state. Compounds for which this assumption is true prove to have magnetic 
properties which would cause them to be classified by Pauling’s theory as ionic compounds. 

One advantage of the crystal-field theory is that it does allow us to calculate the 
stabilisation of these complexes owing to the splitting of the ground-state degeneracy. 
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Energy-level diagrams for this splitting are given in the literature (Schlapp and Penney, 
loc. cit.). A typical example is that shown for Ni** in Fig. 1. The stabilisation of this 
ion in its hydrated salts corresponds to the distance J in the diagram. This and similar 
quantities for the other hydrated ions can be estimated from the infra-red and visible 
spectra of solutions (Bose and Mukherji, Phil. Mag., 1938, 26, 757; Dreisch, Z. phys. 
Chem., 1937, 37, B, 40; 1939, 45, B, 26). In Table 1 we give the heats of hydration of the 
bivalent ions of the first long period (Quill, ‘‘ The Chemistry and Metallurgy of Miscellaneous 
Materials: Thermodynamics,’’ New York), the estimated stabilisation energies to the 
nearest 5 kcals., and the differences, 7.e., the estimated hydration energies in the absence 
of the cubic-field splitting. It will be seen that the anomalous heat of hydration of Mn** 
with an S ground state is thus removed. The increase in the hydration energy with the 
completion of the 3d shell up to Zn** is as one would expect. 

This explanation of the heats of hydration of the bivalent ions is confirmed by the values 
of the heats of hydration of the tervalent ions. The ion with an S ground state is now 
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Fe***. The heats of hydration of Cr***, Mn***, Fe***, Co*** are 1093, 1111, 1059, and 
1141, respectively, Fe*** being anomalously low. 

The connection between the overall stability and the crystal-field splitting is much more 
complicated since the component of the field causing the splitting is small compared with 
the terms responsible for the binding and also because it takes no account of steric factors, 


TABLE 1. 
Vv Cr } 7e Co Ni 
Heat of hydrtn. 26 453 460 5 j 497 507 
Stabilisation - 35 20 20 25 
Difference 418 440 é i 477 482 
etc. Inferences from spectral absorption to thermochemical stability are therefore very 
speculative, particularly if different types of ligand, say ions and neutral dipoles, are being 
compared. Within a given series, however, it does seem probable that larger crystal-field 
splittings and hence higher absorption frequencies will usually be associated with stronger 
bonding. 

Strong Fields.—lf the cubic field becomes greater than a certain critical value it may 
displace a level of lower spin multiplicity below the normal ground state. This is shown 
diagrammatically in Fig. 2. In such cases there will be a discontinuous change in the 
magnetic susceptibility when the energy levels cross. In Co***, for example, a singlet 
level may be displaced below the various components into which the 5F ground state of 
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the free ion is split. If the field becomes very strong it may be a good approximation to 
consider the new ground state of Co*** as arising from the occupation of the lower triplet 
of orbitals by six electrons. This corresponds almost exactly to Pauling’s picture of two 
bonding d-orbitals and three occupied non-bonding orbitals, since the empty doublet 
is directed towards the ligands and hence these are placed in a strong polarising field, 
while the occupied triplet of orbitals is practically non-polarising, t.e., non-bonding. In 
fact, the crystal fields operating in most of these compounds are of intermediate strength. 

It must be emphasized that it is not true that complete breakdown of the normal 
L-—S coupling scheme is necessary before the nature of the ground state is changed. The 
size of the cubic field required in Co***, for instance, will depend on the nature and position 
of the lowest singlet state, and in general will depend on the electronic structure of the 
ion concerned. 

It should be noted that, at the point at which the magnetic properties of the ion change 
discontinuously, there is no discontinuous change in the stabilisation energy, although 
the rate of change of this quantity with field strength certainly increases. This implies 
that we must not expect all “‘ covalent ’’ bonds to be stronger than “‘ ionic’’ bonds. Taube 
(Chem. Reviews, 1952, 50, 69) has drawn attention to the fact that it is the lability of com- 
plexes rather than their thermochemical stability which is closely related to electronic 
structure. 

The spectroscopic properties of the complexes will clearly change discontinuously 
with the change in the nature of the ground state owing to the different selection rules. 
In this connection it is interesting that the spectra of the complexes of Cr*** and Co*** 
are very similar. Now, Cr*** has a 4F ground state and Co*** a ®D ground state, so no 
explanation in terms of the free ions is possible. If we assume that we are dealing with 
fairly strong fields, however, the explanation becomes clear. In each case we are removing 
an electron from the lower orbital triplet and exciting it to the doublet. Four levels are 
obtained in this way, only two of which have the same spin multiplicity as the ground 
state. We assume that the two long wave-length absorptions of Cr*** and Co*** 
correspond to these allowed transitions. A simple perturbation theory calculation shows 
that, expressed in Slater-Condon parameters (Condon and Shortley, ‘‘ Theory of Atomic 
Spectra,’’ Cambridge, 1935), the separation between the two levels is 12(F, — 5F,). 
rhis corresponds to a frequency separation of about 10,500 cm.}. The observed 
separations between the maxima of the two absorption bands in [Co(NH,),]°** and 
(Cr(NHg),]"** are about 8500 and 6900 cm."!, respectively (Linhard and Weizel, Z. 
anorg. Chem., 1951, 266, 49). 

Calculations of the effect of an axial field on the two levels (see Appendix, p. 4760) 
show that the lower excited state breaks up into a doublet and a singlet, while the upper 
state is not split in the first approximation. It is found experimentally that in the mono- 
substituted cobaltammines and chromammines the first absorption band is often split 
but the second is not. This gives some support to the qualitative aspects of the theory. 

The relative magnitudes of the cubic-field effect and the inter-electronic repulsions 
can be estimated from the absorption spectra if the atomic spectrum is known. In V*** 
the free ion has only two low-lying triplet states, a *F ground state and a 3P state 13,000 
cm.! above it (‘‘ Atomic Energy Levels,’’ National Bureau of Standards, Washington, 
1949). The hydrated ion has two absorption bands at 17,000 and 25,000 cm.-! (Furman 
and Garner, J. Amer. Chem. Soc., 1950, 72, 1785). The calculated energy-level diagram 
is shown in Fig. 3. The full lines represent the calculated energy levels as a function of 
the cubic-field strength. The dotted lines are the corresponding levels on the weak-field 
approximation. It will be seen that, if we can associate the two observed bands with the 
two lowest transitions on the calculated energy-level diagram, then the cubic-field strength 
is of the same order of magnitude as the inter-electronic repulsions. The agreement 
between the observed and calculated frequencies is not very good, the observed difference 
being about 8000 cm."! and that calculated about 11,000 cm."}. 

In order to.compare the Pauling and the Penney and Schlapp theory we must remember 
that in the latter the cubic-field strength is determined by the charges, dipole moments, 
and particularly by the polarisabilities of the ligands. Since also the polarisability of the 
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ligands may be equated almost directly with the covalent character of the bonds, the 
connection with the former theory is obvious. However, we now see that the magnetic 
character of a complex does not distinguish between very covalent and very ionic bonds 
but, roughly, acts as an indicator showing whether the covalent character has passed a 
certain limiting value, this value being different for each metal ion and depending on its 
electronic structure rather than on the polarity of the bonds it forms. Incidentally, a 
polarisable ligand tends to modify the central ion in such a way as to increase its 
polarisation. 

Another factor which may affect the splitting between the doublet and triplet of orbitals 
is double-bonding. Orbitals of the lower triplet have the correct symmetry to combine 
with x-orbitals of attached groups. This will result in a further lowering of the triplet 
with respect to the doublet and also in some reduction of inter-electronic repulsions. 
Both of these factors favour the ground states of low multiplicity. 

We must now consider the non-octahedral complexes of the transition-metal ions. In 
the tetrahedral complexes the theory shows that the cubic-field splitting has the opposite 
sign to that with which we have already dealt, i.c., tetrahedrally disposed negative charges 
have the same effect on the energy levels as octahedrally disposed positive charges. This 
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difference will result in a complete change in the absorption spectrum and in the detailed 
magnetic properties. The difference in colour between the red octahedral complexes of 
Co** and the blue tetrahedral complexes may arise in this way. 

The formation of planar complexes can be explained in the crystal-field theory in a 
way similar to that used by Pauling. If more than six electrons are present in the d-shell 
of an ion, then even in strong cubic fields at least one electron must occupy the upper 
doublet. A deformation of the octahedron leading to expansion along one diagonal and 
contraction in the two directions at right angles leads to a further splitting of the degenerate 
energy levels. Complete removal of two groups leaving a planar complex leads, in the first 
approximation, to two lower doublets and an upper singlet. As in Pauling’s scheme, 
these orbitals are occupied to the best advantage by just eight electrons in the two doublets. 
In addition, some stabilisation is obtained for 7- and 9-electron systems. A theoretical 
treatment shows that for 8-electron systems the octahedral and planar configurations are 
both stable, but that in the other systems the perfect octahedral structure cannot be stable 
because of a Jahn-Teller effect (Van Vleck, J. Chem. Phys., 1939, 7, 61, 72). It seems 
possible that the unusual stereochemistry of Cu** with four planar and two more distant 
neighbours may be connected with this effect. In the usual covalent-bond theory the 
stereochemistry of Cu** is not easily explained. If the 4d-orbitals are used we wouid 
expect octahedral sp*d* bonding; if the bonding is dsp? then the resistance to oxidation 
seems inconsistent with the presence of an unpaired 4-electron. 

The physical basis of the extra stability of the non-octahedral complexes is most easily 
seen from simple electrostatics. In Cu** there is just one half-empty orbital in the d-shell. 
It will clearly be most advantageous to make this coincide with a position of high electron 
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density of the ligands, If four of the ligands in one plane move closer to the central ion 
and the other two move away, then a plane of high density is formed with a lower electron 
density in a direction perpendicular to it. If now the half-empty orbital moves into this 
plane of high electron density there may be a stabilisation of the complex relatively to the 
undistorted octahedral form. The extent of the deformation will depend on the relative 
magnitudes of the electronic stabilisation and the energy needed to produce small deform- 
ations of the octahedron in the absence of the electronic effect. In Ni** the energy of 
the ground state is not affected by a distortion of the type discussed above since, of the two 
half-empty orbitals, one is stabilised and the other destabilised to the same extent. How- 
ever, there is an excited state with one completely empty orbital which is very strongly 
stabilised by distortion, and it is this state which is responsible for the diamagnetic planar 
complexes of Ni**. 

Finally, we discuss the lability of complex ions. As Taube (Chem. Reviews, 1952, 50, 
69) points out, this depends far more on the electronic type of the central ion than on the 
heat of formation of the complex. Experimentally, it is found that the “ covalent ’”’ 
complexes with more than three d-electrons are non-labile while most other complexes 
react very quickly. The cubic-field theory is not able to add anything to the suggestion 
that this depends on the presence of an empty d-orbital available for bonding in the transi- 
tion state. However, the interpretation is perhaps a little more detailed. In the field 
due to an approaching charge or dipole, the non-bonding triplet of orbitals is split, the 
orbital directed towards the approaching group being least stable. If only one or two 
electrons are present then it is possible to leave this orbital vacant in the ground state 
without changing the spin multiplicity. In this case the approaching ligand will be in a 
highly polarising field and hence will be “ partially bonded ”’ in the transition state. If 
three or more electrons are present in the d-shell, then the shielding of the approaching 
group is much stronger than that of the six ligands already attached to the central ion, 
and hence a high energy will be needed to reach a state where all seven groups are 
approximately equivalent. Hence the activation energy will be high, thus explaining 
the non-labile character of these complexes. 


Appendix. 


The theory of the effect of small crystal fields on the properties of paramagnetic ions 
has been treated fully in the literature, references to which have already been given. While 
the theory for the case of the strong field is quite straightforward it does not seem to have 
been discussed, so it is desirable to outline the methods used in this paper. 

The effect of a cubic field on the set of d-orbitals splits it into a lower triplet spanned 
by the orbitals 

l l l 
a=—>5 (IIb + | — D), 6=—G (ID —1— D), € = (ID —1 -— 2) 
V- V- Vs 


and an upper doublet spanned by 
d = |0> t= —5 (2) + | — 2) 


where |#> is the d-orbital with L, =m. The triplet transforms as 7, and the doublet 
as E, the usual notation being used for the octahedral group. 

The different configurations of the ion now arise from the different distributions of the 
electrons in 7, and E orbitals. The different states of the ion are now classified according 
to the representations of the octahedral group. The types of level arising from a given 
configuration are easily found by forming the appropriate product representation and then 
decomposing this into irreducible representations in the usual way. 

To the first order the energy for the appropriate eigen-functions is then calculated in 
terms of Slater-Condon parameters just as for free atoms. To obtain a better estimate 
of the energies we can carry out a second-order perturbation theory calculation, using the 
inter-electronic repulsions as the perturbation. The case of the intermediate field can be 
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treated equally well as a perturbation problem on the free ion or as a perturbation problem 
on the strong-field model. 

In this paper we have been interested in the spin triplet states arising from the con 
figuration d? of the free ion and in certain states of the configurations d* and d*. The only 
calculations needed concerned the d@? configuration. 

The ground state of d in the strong-field approximation may be written as (T,)?._ It 
gives rise to a triplet state *7,. The first excited configuration is (7,)'(E)! which gives 
two triplets *7,! and *7,. The only other triplet state is the *A, arising from the con- 
figuration (E)*. The eigen-functions for the 7,! and T, states are : 


T,} Det|ce], Det|43b(4/3d — e)], Det|}a(4/3d + e)| 
T, Det|cd}, Det|4b(d + +/3e)]|, Det|}a(d — +/3e)| 


The other eigen-functions are obvious. The electronic energies of the various states ar¢ 
(apart from a constant term) 


T, = F, — 5F, — 24F,, T, = Fy — 8F, — 9F,, 
T} = Fy + 4F, — 69F,, A, = Fe — 8F, — 9F,. 


Thus in the case of the strong field the states arising from the configuration (7,)'(E)* are 
separated by an interval of 12(F, — 5F,). 

We can deduce the corresponding separations in the excited states arising from 
(T,)*(E)! of Cr*** and (7,)5(E) of Co*** from the previous result, since these configurations 
may be considered as derived from (7,)*(£)! and (7,)*(E)! by the removal of a single 
electron from the 7, orbitals. The separation will still be 12(/, — 5F,), but the order of 
the states will now be inverted, 7.e., the T,! state is the lower. 

The effect of an axial field is found by using the operator (L,,* + L,,2 — 4) in place of 
the potential (3z,? + 32,2 — 27?) of the two electrons. We find that for the 7, level this 
operator has no non-vanishing matrix elements, while for the T;* level 

<ce|L 2," r L,,? - 4|ce> 4 
(4b(4/3d e)|L.,? 1 5 — 4|4b(4/3d — e)> 
<ha(4/3d + e)|L,? + Li? — 4|ha(4/3d + e)> 2 


Hence we would predict a splitting of the lower level in Cr*** and Co*** in the presence 
of an axial field. 

The case of the intermediate field is considered for V***. The calculation is most 
easily carried out by using the eigen-functions of the strong-field case as a basis. The 
matrix element between 7, and T,! due to the electrostatic interaction of the electrons is 
6(F, — 5F,). If we denote the total splitting of the d-orbital shell in the cubic field by 
5A, then the matrix determining the energy levels is 


| Fy — 5F, — 24F, — 4A 6(F, — 5F,) 
6(F, — 5F,) Fy + 4F, — 69F, + A 
The energy values used in Fig. 3 are obtained from this matrix. 
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930. The Colour of Organic Compounds. Part VII.* Complex 
Cyanines and meroCyanines. 


By E. B. Knott and R. A. JEFFREYs. 


Complex cyanines (III) and merocyanines (IV) containing 4: 5-di- 
substituted thiazole and oxazole nuclei and, as central nucleus, 3-ethyl- 
thiazolid-4-one, have been prepared and their properties compared with 
related dyes derived from benzoxazoles, benzothiazoles, etc. (Kendall and 
Fry, B.P. 489,335). It is also shown that dimethinmerocyanines containing 
the 2-ethylthiothiazol-5-one (as V) and 3-alkyl-2-thiothiazolid-5-one (VI) nuclei 
are readily quaternized to the salts (VII) which condense with suitable inter- 
mediates to give complex dyes (VIII and IX) which are isomeric with (ITI) 
and (IV). Observations on the absorption of these dyes are made. 


KENDALL and Fry (B.P. 489,335; see also Kendall, B.P. 487,051) and Brooker, 
independently (Mees, ‘‘ The Theory of the Photographic Process,’ Macmillan, 1942, 
p. 1038) showed that merocyanines (1; =O or 1) derived from 3-substituted 
rhodanines (thiazolid-4-ones) were quaternised by alkyl sulphates or alkyl toluene-f- 
sulphonates to give cationic dyes (II) containing an active Cy) in the thiazolidone ring. 
rhe latter dyes could then be condensed further, in the presence of a tertiary base, with 
a heterocyclic quaternary salt carrying a reactive methyl group to give a complex cyanine 
(III), or with a ketomethylene compound to give a complex merocyanine (IV). 
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These trinuclear dyes, particularly (III) carrying a substituent in the dimethin chain 
are set forth as red sensitisers for colour photographic material (B.I.0.S. Final Report 
No. 1355, Item No. 22). A number of chain-unsubstituted dyes of types (III) and (IV) 
are now reported in which nuclei A and/or B are 4-aryl-5-phenylthiazoles. The series has 
been extended by employing 4-ary]l-5-tolylthiothiazole, 4-aryl-5-aryloxythiazole, and 4: 5 
diaryloxazole intermediates, and parent dimethinmerocyanines have been reported in 
previous papers (Knott, J., 1952, 4099; Jeffreys, to be published). For comparative 
purposes a series of such dyes derived from benzoxazoles, benzothiazoles, quinoline, etc., 
have been prepared. 

It has also been found that isomeric complex dyes (VIII and IX), in which the central 
nucleus is a 3-alkylthiazolid-5-one, are readily obtained by quaternizing dimethinmero- 
cyanines derived from 2-ethylthiothiazol-5-one (as V) (Cook, Harris, and Shaw, /., 1949, 
1435; Aubert, Knott, and Williams, J., 1951, 2185) or 3-alkyl-2-thiothiazolid-5-ones (VI) 
(Jeffreys and Knott, /., 1952, 4632) to give (VII) and treating these with a quaternary 
ammonium salt carrying a reactive methyl group or an amino-group to give (VIII) or 
(XII——XII]I) respectively, or with a ketomethylene compound to give (IX). 


* Part VI, J., 1952, 4632. 
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In two cases, complex dyes (IV) were quaternized and converted into tetranuclear 
cyanines (X and XI) (cf. Kendall and Fry, doc. cit.). 

Since this work was completed Doyle, Lawrence, and Kendall (B.P. 622,775) have 
given numerous examples of dyes of type (VI) and one example of type (VIII). 

The Colour of these Dyes.—In all cases introduction of the third nucleus brings with it 
a profound bathochromic shift in absorption, as has already been observed by Brooker 
(loc. cit.). In the merocyanine series (Table 6), with the exception of dyes derived from 
quinoline, it is noteworthy that in both the thiazolid-4-one and -5-one series the addition 
of the third nucleus (3-ethylthiazolid-4-one) causes a fairly constant shift of ca. 50 mu. 
A similar shift is also given by the introduction of the 2-ethylthiothiazol-5-one nucleus 
(cf. dyes 82 and 95, 110 and 131, 100 and 129, 102 and 130). On the other hand, the 
2-alkoxythiazol-5-one nucleus gives a smaller shift of ca. 40 my. The 3-methyl-2-thio- 
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thiazolid-5-one nucleus was introduced as the third nucleus in one case and caused a 
remarkable shift of 79 my (cf. dyes 102 and 123). This additional shift is a probable result 
of excessive over-crowding in the molecule which will force the thiazolid-5-one end-nucleus 
out of coplanarity with the rest of the molecule. This effect is considered to be additional 
to that produced by the higher colour value of the thiazolid-5-one nucleus compared with 
the 4-keto-analogue (cf. Jeffreys and Knott, loc. cit.). 


TABLE 1. 3-A/kyl-2-alkylthio-4-(A-ethylidene)-5-ketothiazolinium toluene-p- 
sulphonates (VII). 
Appearance Amax. 
(from (my ; Found 
Nucleus A R’ M.p. EtOH-Et,0) MeOH) Formula S,% 
3-Ethylbenzoxazolin- Me Me 222° Redprisms,blue 488 (C,,;H,,0;N,5S, 18-65 
2-ylidene reflex 
Me : 209 Flatred needles 488 C,,H,,0,N,S, 18-6 
es ia Et J 176 Green plates 490 C,,H,,0,N,S,I* 13-05 
3-Ethylbenzothiazolin- Me Me _ 182 Maroon leaflets 522 C,,;H,,0,N,S, 
2-ylidene 
1-Ethyldihydroquin- Me Me — Green plates 565 C,,H,,0,N,S5; t 
ol-4-ylidene 
* Iodide. Found: I, 26-1. Reqd.: I, 26-0%. t Found: N, 5-3. Reqd.: N, 545%. 


- 


In the cyanine series the shift on introduction of the third nucleus (Tables 7 and 8) 
varies, as expected, with the nature of this nucleus. The shift obtained however is not 
consistent with the shift expected from a consideration of the intrinsic colour values of 
these nuclei as exhibited in simpler dyes. Thus, in (III) and (VIII), in which A is 3-ethyl- 
benzoxazoline, the shift given by trimethylindolenine is unusually high whilst that given 
by the diarylazoles is similar to or less than that given by the corresponding benzazoles, 
benzothiazoles, etc. It would appear therefore that the stronger the +M effect of 
nucleus B the stronger is the hypsochromic effect which offsets the expected bathochromic 
effect of the introduction of the nucleus. 

It will also be observed that in the same series (Table 8) the shift in acetone on addition 
of nucleus B is greater in the 5-keto-series (VIII) than in the 4-keto-series (III), but in 
pyridine the 4-keto-series gives the larger shift (Table 7). 
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In all cases the 5-ketones (VIII, LX) are deeper than the 4-ketones (III, IV). 
One of the major reasons for this may be the lower degree of non-degeneracy of the 
resonance system in the 5-ketones, as shown by the generally higher value of emax, of such 
dyes. In the cyanine series the 4-ketones (III) have emax. ca. 10 x 104 whilst the values for 
the 5-ketones are about 15—16 x 104. There appears to be no relation between the 
differences in absorption of such isomeric dyes and the nature of the nuclei A, B, or Cc. 
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In general, as found in the simpler, parent merocyanines the 5-ketones show double 
peaks or secondary inflections. These are shown in the 4-keto-series only in one or two 
cases. 

The absorption peaks of the complex 5-keto-cyanines (VIII) show some sensitivity 
towards solvent polarity, a gradual hypsochromic shift resulting on proceeding from 
pyridine through acetone to aqueous formamide. On the other hand, the 4-keto-cyanines 
III) are fairly insensitive to solvent changes. 

Resonance Systems in these Dyes.—F or this study the resonance systems in the cyanines only 
ire considered, the same arguments being readily applied in the merocyanines. The latter 
ations contain two well-defined and separate resonance systems, both of which are capable 
f causing visible absorption. These are the amide-type (X1Va <—> bd; 
XIVc <—> d) and the cyanine-type resonance (XI Va <—> c; > d). The former 
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is the system present in the parent dimethinmerocyanine, whilst the latter is a short-path 
system generally associated with absorption in the blue and near-ultra-violet region of the 
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spectrum. The powerful bathochromic shifts experienced on the addition of the third 
nucleus may a priori be a function of two major effects. (i) The system (XIVa <—> 0) 
may be the fundamental resonance system and the addition of the third nucleus may then 
disturb this by increasing the energy of its excited structures (Knott, /., 1951, 1028). 
(ii) There may be interaction of both resonance systems which allows the z-electrons of either 
system the freedom to move along the whole length of the molecule. This would be 
equivalent to a considerable extension of the conjugated path of the molecule. This 
possibility was envisaged by Brooker (/oc. cit., p. 1039). 

Effect (i) can be analysed by considering the fragments (XV) and (XVI). These 
represent important excited structures of the system (XIVa <—> 6; XIVa<— cc). Their 
importance will be decreased and a bathochromic effect will be produced as the amount of 
positive charge on —X— increases (adjacent charges of like sign). The replacement of 
thione sulphur in the parent dye by the heterocyclic cation (XVI; Z = CH) might well be 
expected to achieve such an increase although a shift of such a magnitude as that found 
would hardly be expected. On replacing Z = CH by Z = N in (XVI), t.e., by increasing 
the importance of excited structures containing (XVI), a further increase in the amount of 
positive charge on —X- should also result. Such a replacement, however, results in a 
strong hypsochromic shift: dye No. 9 (559 my) ——> (XIII) (535 my), dye No. 36 
(582 my) —~> (XII) (537 my). Effect (i), therefore, cannot be considered to be of 
importance. 


| / \ 4 
C°CH:-CH:C , A + ,C’°CH.CHG, 
ww / N . 


} I Y/% 
K XVIla) Kk (XVITb) 

Effect (ii) is shown in the considerable increase in emax. on proceeding from the parent dye 
{emax. = 4—8 x 10*) to the trinuclear dye (emas, 10—15 x 10*) (cf. Brooker, loc. cit., 
p. 1040). The responsible resonance is now considered to be represented by the extreme 
structures (XI Va <—> e) and (XIVd). Structure (X1Ve) shows clearly that the central 
nucleus is not an insulator between the two basic resonance systems but can function as a 
conductor between the two halves of the molecule. Similarly the resonance in the tri- 
nuclear merocvanine may be represented by (XVIla <— J). 

The resonance system (XI Va <—> f) (Y S), which mav be assumed to be present in 
(III) and in which the sulphur atom functions as a resonance transmitter, appears to be of 
no importance since this type of resonance is excluded in (VIII; 2.e., XIV, Y = NR). 


EXPERIMENTAL 
Microanalyses are by Dr. Weiler and Dr. Strauss, Oxford. 

Quaternized Dimethinmerocyanines (II and VII).—These were obtained in solid or tar form 
by fusing the dyes (I, V, or VI) (cf. Knott, loc. cit.; Jeffreys, loc. cit.; Jeffreys and Knott, 
preceding paper) (1 mol.) with alkyl sulphate or toluene-p-sulphonate (1-0—1-1 mols.) at 120 
130° for 30—60 minutes or until the maximum water-solubility was achieved. In general the 
quaternary salts were not isolated (see, however, Table 1) before proceeding to the next step 

Trinucleay Dyes.—These were all obtained by dissolving the quaternized dyes (II or VII) 
(1 mol.) in ethanol (ca. 10c.c./g.), adding the ketonic heterocyclic compound (1 mol.) or 2-methy]- 
heterocycle quaternary salt (1 mol.) and triethylamine (1-1 mols.), and heating the whole on the 
steam bath for 2—5 minutes. In some cases better yields were obtained by keeping the solution 
at room temperature overnight. The merocyanines (IV, IX) (see Tables 4 and 5) usually 
separated rapidly, but it was often necessary to precipitate the cyanines (III, VIII) (see 
Tables 2 and 3) by a little aqueous potassium iodide. The dyes were collected and washed with 
ethanol until the washings were free from impurities. This point was shown by observing the 
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The Colour of Organic Compounds. 


Part VII. 


colour of the filtrate which for the pure dyes were blue, blue green, or purple whilst the impurities 
imparted brown, yellow, or red colours to the filtrate. The yields of dye were, in 
general, 20—40%. 


> 


TABLE 6. Shifts on proceeding from (i) or (V1) to (IV) or (LX) (C 


3-ethyl-2- 
thiothiazolid-4-one). 


Amax. (Mp) in acetone. Minor peaks and inflections (i) in parentheses 
Nucleus A I IV No Shift VI IX 
Trimethylindolenine ....... 490 544 75 (506i) 571 
502 (540) 
Benzoxazole . aan : 537 (506) 564 
(5041) y 4 489 (535) 
Benzothiazole ...... Jidutiwcca) Ce 566 77 5i 537 592 
(5601) 
Benzoselenazole ...... = . 815 562 47 541 594 
2-Quinoline . ; ; 538 600 3$ 573 645 
(561i) (566) (543) (605) 
4-Ouinoline ............ wien j 643 f : 639 692 
i 56 (600i) (598) (647) 
Diphenylthiazole . eee 546 594 (573) 6§22 
(556) 544 (586) 
Diphenyloxazole . 9% 54 529 580 
(503) 


TABLE 7. Shifts on proceeding from (1) or (VI) to (III) or (VIII). 
Amax. (Mp) in benzene (I, VI) and pyridine (III, VIII) 


Shift 


(5501) 


Minor peaks and inflexions (i) in parentheses. 


Nuclei A and B 


frimethylindolenine ......... 


Benzoxazole 
Benzothiazole ......... ‘ 
Benzoselenazole .. 
2-Quinoline 
4-Quinoline 
Diphenylthiazole 


Diphenyloxazole 


TABLE 8. 


I 
490 


483 
513 
515 
(565i) 
538 
(604) 
569 
546 


508 


Ii 


605 
dod 
605 
612 
668 
736 
623 


No Shift 
l 115 
2 75 


92 


97 


(103) 


130 


(132) 


167 


4a 


65 


(543) 


(503) 


VI VIII 
(5161) 608 
502 
(506) 562 
489 (5321) 
537 625 
(585) 
541 632 
(585) 
573 695 
(650) 
(639) 786 
598 
(573) 652 
O44 (605) 
529 580 
(545) 


No. Shift 


28 


(92) 

106 

56 
(43) 


Shifts on proceeding from (1) or (V1) to (III) or (VIIT) 
(A = 3-ethylbenzoxazoline). 


Amax. (Mp) in acetone 


Nucleus B 
Trimethylindolenine ... 
Thiazoline 
Benzoxazole 
Benzothiazole 
Benzoselenazole....... ; 
2-QOuinoline 


(III) (No ) 


581 
532 
542 
559 
563 
590 


(7) 
(3) 
(2) 
(9) 
(10) 
(11) 


Shift 
from (I) (490) 


(VIII ) (No ) 
620 (34) 
548 (35) 
554 (29) 
582 (36) 
578 (37) 


Shift 
from (VI) 
120 

48 

54 

82 

78 


(500) 


610 (38) 110 
4-Quinoline. seeeee 613 (12) ‘ 646 (40) 146 
p-Methoxyphenylphenylthiazole 552 (14) 3: 583 (44) 83 
p-Methoxyphenylphenyloxazole 538 (13) 559 (43) 59 

3-Ethyl-4-(3-ethylbenzoxazolin-2-ylidene-ethylidene) -2-thiazol-5-one)[3-methyl - 2 -benzothiazole}- 
azamethincyanine Iodide (XII).—3-Ethyl-4-(3-ethylbenzoxazolin-2-ylidene-ethylidene)-2-thio- 
thiazolid-5-one (Jeffreys and Knott, Joc. citl) (1-65 g.) and methyl] toluene-p-sulphonate (0-95 
were fused at 130° for 1 hour. g 
ethanol (10 c.c.), and triethylamine (0-8 c.c.) were added and the whole was heated for 2 hours 
on the steam-bath. The product (0-45 g.) was obtained as a red powder on addition of a little 
aqueous potassium iodide. It formed a red microcrystalline powder, m. p. 196°, from iso- 
propyl alcohol (Found: N, 9-6; S, 11-1; I, 21-7. C,gH,,0,N,I1S, requires N, 9-5; S, 10°85; 
I, 21-56% 


4 
g-) 


2-Aminobenzothiazole ethotoluene-p-sulphonate (1-75 g.), 
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[3-Ethyl-5-(3-ethylbenzoxazolin-2-ylidene-ethylidene) -2-thiazol - 4-one}(3-ethyl-2-benzothiazole) - 
azamethincyanine Iodide (XIII).—Obtained similarly from 3-ethyl-5-(3-ethylbenzoxazolin-2- 
vlidene-ethylidene)-2-thiothiazolid-4-one (1-65 g.) and ethyl toluene-p-sulphonate (1-0 g.) by 
fusion at 130° for 1 hour, followed by 10 minutes’ refluxing with 2-aminobenzothiazole etho- 
toluene-p-sulphonate (1-75 g.), ethanol (10 c.c.), and triethylamine (0-8 c.c.), the dye (1-8 g., 60%) 
formed soft brown needles, m. p. 227—228°, from pyridine-ethanol (Found: N, 9-2; I, 21-1. 
C,,H,,;0,N,IS, requires N, 9-3; I, 21-0%). 

{4-3’ : 4’-Dimethoxyphenyl-3-ethyl-5-phenyl-2-thiazole}{5-[5-(4-3’ : 4’-dimethoxyphenyl -3-ethyl- 
5-phenylthiazolin-2-ylidene-ethylidene) -3-ethyl-4-ketothiazolidin-2-ylidene]-3-ethyl- 2 -thiazol- 4-one}- 
methincyanine T oluene-p-sulphonate (X).—3-Ethy]-5-(4-3’: 4’-dimethoxypheny]-3-ethy1-5-pheny]- 
thiazolin-2-ylidene-ethylidene) -2-(3-ethyl-4-keto-2-thiothiazolidin-5-ylidene) thiazolid-4-one (1 g.) 
and methyl] toluene-p-sulphonate (0-3 g.) were fused at 150° for 1 hour with good mixing. 
4-3’ : 4’-Dimethoxypheny]-2-methy]-5-phenylthiazole (0-5 g.) and ethyl sulphate (0-25 g.) were 
fused similarly, and the two mixtures were united in ethanol (15 c.c.) and triethylamine (0-5 c.c.), 
and refluxed for 30 minutes. Sodium toluene-p-sulphonate (0-5 g.) was added to the hot blue 
solution and the latter chilled overnight. The dye (0-8 g.) separated. It was obtained as soft, 
bronze crystals, m. p. 192° (shrinks at 172°) after twice recrystallizing from methanol (Found : 
C, 62-4; H, 5-4; N, 4-95; S, 14:3. C,,H,;,0O,N,S, requires C, 62:5; H, 5-2; N, 5-05; S, 
14-35%). Amax. 650 my in methanol. 

{3-Ethyl-2-naphtho(1' : 2’-4 : 5)thiazole}{5-[5-(3-ethyl-4-p-methoxyphenyl -5-phenyloxazolin-2- 
vlidene-ethylidene) -3-ethyl-4-ketothiazolidin-2-ylidene]-3-ethyl-2-thiazol-4-one}methincyanine Tolu- 
ene-p-sulphonate (X1).—3-Ethyl-2-(3-ethyl-4-keto-2-thiothiazolidin-5-ylidene)-5-(3-ethyl-4-p- 
methoxypheny1-5-phenyloxazolin-2-ylidene-ethylidene)thiazolid-4-one (0-6 g.) and methyl 
toluene-p-sulphonate (0-28 g.) were fused at 150° for 1 hour, to give a solid green quaternary 
salt. This was ground and dissolved in ethanol (10 c.c.) with 2-methylnaphtho(I’ : 2’-4 : 5)- 
thiazole ethotoluene-p-sulphonate (0-41 g.) and triethylamine (0-15 c.c.), and the whole refluxed 
for 30 minutes. The solution was chilled, to give 0-5 g. of dye, washed with ethanol and then 
boiling benzene. It formed small olive-green leaflets, m. p. 266°, from pyridine-ether (Found : 
N, 5°85; S, 13-6. C,,H,,0,N,S, requires N, 5°85; S, 13-4%), Amax, 620 my in methanol. 

RESEARCH LABORATORIES, KODAK LTD., 


HARROW, MIDDLESEX. [Received, June 18th, 1952. 





931. A New Reagent for the Determination of Antimony. 


By R. BELCHER and D. GIBBONs. 


Antimony can be determined gravimetrically by precipitation as dichloro- 
bisethylenediaminocobaltic hexachlorostibnate which provides the favourable 
conversion factor of 0-2098. The effect of a selected number of other ions 
has been examined. Arsenic, copper, and zinc up to 200 mg., cadmium, 
iron, mercury, and tin up to 100 mg., and bismuth up to 10 mg. are without 
effect. Lead interferes even at a concentration of 0-5 mg. Satisfactory 
recoveries have been obtained over the range 1—50 mg. of antimony. 


THE two commonest forms in which antimony is ultimately weighed in analysis are the 
tetroxide and the trisulphide, but both involve unfavourable factors and it is necessary 
to use carefully controlled conditions to obtain products of correct stoicheiometric 
composition. 

When trans-dichlorobisethylenediaminocobaltic chloride is added to a hydrochloric 
acid solution containing quinquevalent antimony, dichlorobisethylenediaminocobaltic 
hexachlorostibnate is precipitated (Pfeiffer and Tapauch, Z. anorg. Chem., 1906, 49, 438), 
which is insoluble in water and hydrochloric acid. The antimony content being only 
20-98%, the compound is a convenient form in which to separate antimony if its formation 
is quantitative, and this we have found to be the case for 1—50 mg. of antimony. The 
effect of a number of selected metals has also been examined. 

Effect of Standing-time and Volume of Solution.—The time of standing after precipitation 
and the final volume of the solution were varied in order to establish the most favourable 
conditions for quantitative precipitation. Complete precipitation is obtained in 2 hours 
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in a final volume of 50 ml., or after 6 hours in 100 ml., but we considered it preferable to 
standardise the method by use of the shorter time. Excess of reagent made no apparent 
difference to the recoveries; hence, a standard amount of 10 ml. of 2N-hydrochloric acid 
containing 0-2 g. of reagent was used for the range examined. 

The precipitate was anhydrous and could be dried without loss or decomposition at 
100°. Washing with an organic solvent followed by air-drying could not be used since 
the precipitate was very soluble in acetone and to a smaller extent in ethanol and ether. 

Determination of Antimony in Solution—Amounts of antimony ranging from 1 to 50 
mg. were determined under the above conditions. The results (Table 1) show satisfactory 
recoveries over this range. 


TABLE 1. Recoveries of antimony (1—50 mg.) in 50 ml. of solution. 
Sb present (mg.) . 2°37 5-94 11-87 
eS ES rn -12, 1- 2-33, 2°37 5-95, 5-91 11-88, 11-84 
Sb present (mg.) . 23: 47-48 59-35 
Sb found (mg.) ............... 23°75, 23-69 47-50, 47-42 59-38, 59-32 


Effect of oxidising agents other than chlorine. In Pfeiffer and Tapauch’s method (loc. 
cit.) for the preparation of the complex antimony compound, oxidation to quinquevalent 
antimony is effected by bubbling chlorine through the solution, this oxidant presumably 
being chosen to avoid dilution of the solution with concomitant reduction of acidity. We 
used this method, but also sought a more convenient oxidant; several were tried but only 
nitric acid yielded satisfactory results (see Table 2). 


TABLE 2. Recoveries in the presence of oxidants other than chlorine. 


Oxidant Amount Sb present (mg.) Sb found (mg.) 
H,0O, (100-vol.) 2 mi., 3 ml. 23-74 21-15, 21-00 
MnO, ceseseee verses 100 mg., 200 mg. 23-74 19-97, 20-12 
KMnO, * sucae aun 100 mg., 200 mg. 23-74 21-04, 19-82 
NaOCl (10% mad « 2 mi., 3 ml. 23-74 18-46, 19-12 
HNO,, conc. . 2 mi., 3 ml. 23-74 23-76, 23-68 
ri 2 mi., 3 ml. 1:19 1:10, 1-17 
2 ml., 3 ml. 59-35 59-40, 59-32 


TABLE 3. Recoveries tn the presence of other metals (23-74 mg. of Sb present). 

Metal Wt., mg. Sb found (mg.) Metal Wt., mg. Sbfound(mg.) Metal Wt., mg. Sb found (mg.) 
As 200 * 23°74, 23-68 , 100 + 23-77, 23-70 Hg 100 + 23-72, 23-78 
Zn 200 * 23-70, 23-74 “e 100 + 23-69, 23-75 Bi 10} 23-78, 23-68 
Cu 200 * 23-69, 23-75 S 100 + 23-76, 23-71 Pb 0-1§ 23-78, 23-76 

* Highest amount examined. + Above 100 mg. coprecipitation occurred, and above 150 mg. a 
visible precipitate formed.  } Above 10 mg. coprecipitation occurred, and above 20 mg. a visible pre- 
cipitate formed. § Coprecipitation occurred above this limit although no visible precipitate appeared 
immediately, even when moderate concentrations of lead were present alone. This precipitation of 
lead, however, is not quantitative. 


Effect of other metals. The results in Table 3 show that arsenic, zinc, and copper up 
to 200 mg. (the highest amounts added), cadmium, iron, tin, and mercury up to 100 mg., 
and bismuth up to 10 mg. have no effect. Lead interferes at all concentrations. The 
reagent is therefore fairly selective. 

Attempts to improve the limits of the interferences by addition of oxalate, tartrate, 
citrate, or fluoride ions failed. Ethylenediaminetetra-acetic acid could not be used as 
it is insoluble under the strongly acid conditions used for the precipitation. Accordingly, 
when metals are present in amounts likely to cause interference, a preliminary separation 
is necessary. The dithionite (hydrosulphite) method (Evans, Analyst, 1929, 54, 395) 
appears suitable for this purpose since, of the metals it fails to separate, cadmium (in moderate 
amounts), arsenic, and copper are not precipitated by the reagent, and lead may be removed 
by a preliminary separation as the sulphate. 

Applications of the method. Antimony was determined in a white metal having the 
certified composition: Cu, 4:30; Zn, 0-40; Sn, 83-7; Pb, 4:15; Sb, 7-45%. Before 
the dithionite procedure was applied to the alloy, the efficiency of the complete process 
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was checked on a standard solution containing only antimony. The separated metal was 
dissolved in hydrochloric acid containing a small quantity of nitric acid, and the deter 


TABLE 4. Determination of antimony after precipitation with sodium dithionite. 


Sb present Sb found Sb present Sb found 
Pure solution 23:74 mg. 23-70, 23-78 mg. White metal 7-41, 7-46% 


mination completed by the standard procedure. The results were satisfactory (Table 4) 
and the white metal was then analysed by the same procedure. Satisfactory recoveries 
were obtained (Table 4). 


EXPERIMENTAL 


Preparation of Reagent.—trans-Dichlorobisethylenediaminocobaltic chloride hydrochloride 
was prepared by Bailar’s method (Inorg. Synth., 1946, 2, 223), the heating to constant weight 
in an oven being omitted. The salt was purified by dissolving it in water, adding a large 
excess of concentrated hydrochloric acid, and evaporating until crystallisation started. 

Recoveries.—A hydrochloric acid solution of antimony was prepared from trichloride which 
had been recrystallised several times. The antimony content was determined, after sulphur 
dioxide reduction to ensure that all was in the tervalent state, by oxidimetric titration, and 
found to be 2-374 mg. per ml. 

A freshly prepared solution of the reagent (0-2 g. in 10 ml. of 2N-hydrochloric acid) was 
added to a measured volume of the antimony solution which had previously been saturated 
with chlorine by passage of the gas for about 15 minutes. After a suitable time, the precipitate 
was filtered off on a No. 4 sintered-glass crucible, washed with water until the washings were 
colourless, and dried at 100—110° to constant weight (an hour was ample). 

Recommended Procedure.—The solution must consist of concentrated hydrochloric acid, 
and antimony of concentration 1—50 mg. per 50 ml. Chlorine, from a cylinder, was bubbled 
through the solution; or alternatively, about 3 ml. of concentrated nitric acid were added, 
and the solution warmed for a few minutes and cooled quickly. 10 Ml. of the above reagent 
solution were added, the mixture was set aside for 2 hours with occasional stirring, and the 
precipitate treated as in the preceding paragraph (factor, 0-2098). 

Determination of Antimony in White Metal.—1-0G. of the metal was dissolved in 8N-nitric acid 
(40 ml.), concentrated sulphuric acid (3 ml.) added, and the mixture evaporated to fuming in a 
porcelain basin and then cooled; the sides of the basin were washed down with distilled water 
and the evaporation was repeated. Distilled water (50 ml.) was added to the cooled mixture, 
which was stirred well and set aside for an hour. The lead sulphate was then filtered off on 
a sintered-glass crucible, washed with a little dilute sulphuric acid (1: 20), and dissolved in 
concentrated ammonium acetate solution poured through the filter. Although no perceptible 
residue remained, the filter was then washed with concentrated hydrochloric acid (15 ml.) 
containing nitric acid (5 ml.), and the solution combined with the original solution and the lead 
sulphate washings. 20 Ml. of a citric acid solution (100 g. in 200 ml. of water) were added, and 
the mixture was made slightly alkaline with ammonia. A saturated solution of potassium 
cyanide (previously treated with bromine until it gave no violet colour with a solution of sodium 
nitroprusside) was added to the ammoniacal solution until the blue colour was discharged, 
followed by a further 30 ml.; 75 ml. of 20% ammonium chloride solution and sodium dithionite 
(10 g.) were added, and the solution heated just to boiling and kept on the steam-bath for an 
hour. More dithionite (5 g.) was added, the solution cooled in running water and filtered 
through a pulp filter, and the precipitated antimony washed with a cold solution containing 
20 ml. of saturated potassium cyanide solution, 4 g. of ammonium chloride, and,2 g. of sodium 
dithionite in 400 ml. The filter was transferred to a beaker and covered with concentrated 
hydrochloric acid (100 ml.) containing some chlorine, and the pulp broken up and stirred till 
all the antimony had dissolved. The solution was filtered, and the antimony determined as 
described above 


One of us (D. G.) is indebted to the Department of Scientific and Industrial Research for a 
grant enabling him to carry out this work. 
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932. Experiments on the Synthesis of Potential Cortical Hormone 
Substitutes. Part II.* 


By F. J. Dyer, D. A. A. Kipp, and JAMES WALKER. 


Analogues of deoxycorticosterone (III) have been sought in which the 
«8-unsaturated ketone group and «-ketol side-chain characteristic of (III) have 
been incorporated. These were obtained by applying the Friedel-Crafts 
reaction to 3-methyl-5-pheny]-cyclohex-2-en-l-one and by suitable alkylation 
of Hagemann’s ester, followed in both cases by appropriate steps. A substance 
(X; R = Me) was obtained having about 20—30% of the activity of (III) in 
prolonging the life of bilaterally adrenalectomised rats subjected to cold stress. 


ALTHOUGH numerous synthetic cestrogens are now known, only sporadic attempts have 
been made to prepare synthetic analogues with the undoubtedly more specific biological 
activities typical of other steroid hormones, such as testosterone, progesterone, or the 
adrenal cortical hormones. Androgenic activity has, however, been reported for the 
diketone (I) (Wilds, Shunk, and Hoffman, J. Amer. Chem. Soc., 1949, 71, 3266) and, still 
more markedly, for 19-nortestosterone (II) ¢ (Birch, J., 1950, 367; Ann. Reports, 1950, 
47, 210), while, at the outset of the work described below, slight activity characteristic 
of deoxycorticosterone (III) had been observed in two synthetic «-ketols (Linnell and 
Roushdi, Quart. J. Pharm. Pharmacol., 1941, 14, 270); in the interval, marked activity 
typical of (III) has been claimed for further synthetic «-ketols, notably (IV; R = OMe> 
R = H) and (V) (Linnell, Mathieson, and Williams, Nature, 1951, 167, 237). 


OH CO-CH,-OH 


CO | os 
GY 
Va oF 44 
(II) (III) 


yy, 
0 


‘g \co-cH,R 
—" oO, > 
Aco? \—€_ cH, CO-CH,OH Y 7 


Me 
(V) (VI; R=H) (VIII; R = OAc) 
(VII; R = Cl) (IX; R = OH) 


The structural features, besides the pregnene skeleton, common to the six biologically 
active adrenal cortical steroids are the «$-unsaturated ketonic grouping in ring A and the 
«-ketol group comprising the $-orientated side-chain at position 17 in ring D. We have 
therefore undertaken the synthesis of analogues containing the latter features separated by 
approximately the same distance as in (III). The diketone (VI) was obtained from 3-methyl- 
5-phenyleyclohex-2-enone, accessible from benzaldehyde and ethyl acetoacetate, by the 
Friedel-Crafts reaction with acetyl chloride, and the expected orientation was confirmed by 
oxidation with potassium permanganate to p-acetylbenzoic acid. Chloroacetyl chloride 
similarly afforded the chloro-diketone (VII), which was converted successively into the 
acetoxy- (VIII) and the hydroxy-diketone (IX). The Sommelet reaction (Compt. rend., 
1913, 157, 852, 1443) was found suitable for the preparation of several cyano- and carboxy- 
aldehydes intended for use in the Knoevenagel synthesis of substituted 5-aryleyclo- 
hexenones, but either condensation of these aldehydes with ethyl acetoacetate or sub- 


* Part I, J., 1942, 347. + The C,,,, angular methyl group is likewise not essential for the full 
biological activity of progesterone (Miramontes, Rosenkranz, and Djerassi, J. Amer. Chem. Soc., 1951, 
78, 3540). 
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sequent stages did not proceed as satisfactorily as with benzaldehyde and these alternative 
routes to compounds of type (IX) were not pursued. 

As a closer stereochemical approximation to (III), access was sought to a substance 
of the type (X), for which the Hagemann ester (XI; R = H) appeared to be a suitable 
starting material. The structure of Hagemann’s ester has been the subject of controversy 
and still cannot be said to be settled. Although Rabe and Rahm (Ber., 1905, 38, 969) 


noted that it contained a potential glutaconic ester system, ~co-CH-C:6-e )-, clear evidence 
of structural isomerism in a compound of this type was first produced for the analogous 
solid 4-keto-2 : 6-diphenyleyclohexenecarboxylic ester by Dieckmann (Ber., 1911, 44, 975; 
1912, 45, 2689), and, by inference, for the liquid Hagemann ester. Dieckmann, however, 
preferred formula (XIa; R = H) on general grounds for the stable ketonic form of the ester, 
but it should be noted that (XIb; R = H) is obviously the form which would be favoured by 
hyperconjugation and, indeed, is in line with the fact that the first stage in the alkylation of 
Hagemann’s ester affords 3-alkyl derivatives (XI; R = alkyl) (Dieckmann, Ber., 1912, 
45, 2697; K6tz et al., Annalen, 1913, 400, 72), an observation which has received repeated 
practical application (cf. Cornubert and Maurel, Bull. Soc. chim., 1931, 49, 1515; Bergmann 
and Weizmann, J. Org. Chem., 1939, 4, 266; Schwenk and Bloch, J. Amer. Chem. Soc., 
1942, 64, 3050; Smith and Rouault, ibid., 1943, 65, 631; Hogg, ibid., 1948, 70, 161; 


CO,Et he: * 
; 1} q 
CO-CH,-OAc k ,3)Me 
o4 \7 
K 
(XIa) (XIb) 


ry \ Rp oe: . CO,Et, R’ = CN) 
| 2 = ‘= CO, 
(acti) Kv, Rak. COE!) 
a A (XV; R =CO,H, R’ = CO,Et) 
Me (XVI; R H, R’ = CO,Et) 
Horning, Horning, and Platt, zbid., 1949, 71, 1771; Stork and Burgstahler, ibid., 1951, 
73, 3544). The methylation product of Hagemann’s ester is therefore (XI; R = Me), 
which is analogous to an «y-dialkylglutaconic ester, and it could undergo further alkylation 
either at C,,) or at C,g, although, as far as we are aware, a second-stage alkylation of Hage- 
mann’s ester has not previously been attempted. Inspection of (XI; R = Me), however, 
suggests that hyperconjugation would now favour (XIla; R = Me) as the more stable 
form and that the second stage of alkylation would take place at the l-position. With 
these considerations in view, Hagemann’s ester was first methylated to give (XI; R = Me) 
and then alkylated with ~-cyanobenzyl bromide to give ethyl 1-p-cyanobenzyl-4-keto- 
2 : 3-dimethylcyclohex-2-ene-1-carboxylate (XII). Exhaustive hydrolysis yielded a dibasic 
acid (XIII) and esterification gave a mixture of neutral (XIV) and half-esters (XV). The 
colour and ultra-violet light absorption of the 2: 4-dinitropherylhydrazone of (XIV) 
were in accordance with expectation for those of such a derivative of an a$-unsaturated 
carbonyl compound, substituted in both the «- and the §-position, although no measure- 
ment appears to have been recorded for a ketone of that nature (cf. Braude and Jones, 
J., 1945, 498). The half-ester (XV) was decarboxylated in quinoline in the presence of 
copper bronze to giye the ester (XVI), and this was converted in the usual manner, via 
the free acid, the acid chloride, and the diazo-ketone into 4-p-acetoxyacetylbenzyl-2 : 3- 
dimethylcyclohex-2-enone (X; R = Me). 

The efficiencies of (VI), (VIII), (IX), and (X; R = Me), in comparison with deoxy- 
corticosterone (III), in protecting bilaterally adrenalectomised rats from cold stress (cf. 
Selye and Schenker, Proc. Soc. Exp. Biol. Med., 1938, 39, 518) are shown in the Table. 
Only (X; R = Me) was definitely found to be active and it had possibly 20—30% of the 
activity of (III). With the small groups of animals used, however, this assay can only 
be regarded as a sorting test. None of the compounds now described caused regression 
of the thymus gland in infantile rats (cf. Bruce, Parkes, and Perry, Lancet, 1952, I, 790) 
according to tests kindly carried out by Mr. John Lock of the Crookes Laboratories. 
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Cold stress tests on adrenalectomised immature rats. 
Total dose per 50 g. rat Potency indications 
Compound (given in 2 portions (if IFT = 100) 
(in arachis oil) subcutaneously) Observations P = 0-95, 100 + 80 
0-25 mg. 1/8 dead in 6 hrs. 100 
| = _ a 
-5 mg. 4/8 dead in 6 hrs. <20 
6/8 - ae -ss 
2/8 dead in 6 hrs. <20 
5/8 ,, 
5/8 dead in 6 hrs. <K20 
8 deadin 6 hrs. *—~.20 
8 me 10 


Controls (receiving = 3/7 dead in 6 hrs. 
oil only) 7 


EXPERIMENTAL 

5-p-A cetylphenyl-3-methylcyclohex-2-enone (V1).—Powdered aluminium chloride (33-8 g., 
2 mols.) was added at room temperature during 1 hour to a solution of 3-methyl-5-phenyl- 
cyclohex-2-enone (21-1 g., 1 mol.) (Knoevenagel, Annalen, 1895, 288, 352) and acetyl chloride 
(18-6 c.c., 2 mols.) in carbon disulphide (250 c.c.), stirred under reflux and protected from 
atmospheric moisture. After 2 hours’ stirring, the mixture was boiled for 15 minutes and the 
solvent was then distilled off. The residue was decomposed with crushed ice containing con- 
centrated hydrochloric acid (40 c.c.), and the precipitated product was recovered in ethyl 
acetate. Fractionation of the extract afforded a viscous syrup, b. p. 176—188°/0-4 mm., 
which gave a crystalline solid (38%) on treatment with light petroleum. Recrystallisation 
from aqueous ethanol gave colourless needles of 5-p-acetylphenyl-3-methylcyclohex-2-enone, 
m. p. 90—91° (Found: C, 78-5; H, 7-0. C,;H,,O, requires C, 78-9; H, 7-0%). 

The substance (3 g.) was treated in acetone (150 c.c.) with potassium permanganate (total, 
8-3 g.), in small portions, at room temperature with frequent shaking until a permanent excess 
could be detected. The mixture was diluted with water (150 c.c.) and clarified with sulphur 
dioxide. After being rendered strongly acid with concentrated hydrochloric acid and chilled, 
the solution was filtered and thoroughly extracted with ether. Evaporation of the extract 
yielded a partly crystalline residue, giving crystalline material on treatment with 40% aqueous 
ethanol. Recrystallisation from aqueous ethanol gave long prisms of p-acetylbenzoic acid, 
m. p. and mixed m. p. with an authentic specimen (see below), 205—206° (Found: C, 65-7; 
H, 5-0. Calc. for C,H,O,: C, 65-8; H, 4-9%). 

Ethyl p-Cyanobenzoylmalonate.—A solution of p-cyanobenzoyl chloride (2-7 g.) (Gangi and 
Gisvold, J. Amer. Pharm. Assoc., 1949, 38, 154) in dry benzene was added dropwise to an alcohol- 
free solution (cf. Bowman, J., 1950, 324) of ethoxymagnesiomalonic ester [from magnesium 
(0-59 g.), ethanol (2 c.c.), and ethyl malonate (3-9 g.)} in benzene. The mixture was then 
refluxed for 14 hours, cooled, and decomposed with ice and dilute sulphuric acid. The residue, 
left on evaporation of the benzene layer, yielded long, colourless, fine needles of ethyl p-cyano- 
benzoylmalonate (2-65 g.), m. p. 63°, on crystallisation from benzene-light petroleum (Found : 
C, 61-9; H, 5-0; N, 5-0. C,,H,,0;N requires C, 62-2; H, 5:2; N, 4-9%). 

p-Acetylbenzoic Acid.—Ethy] p-cyanobenzoylmalonate (5 g.) was heated under reflux with 
glacial acetic acid (15 c.c.), concentrated hydrochloric acid (5 c.c.), and water (3 c.c.) until 
evolution of carbon dioxide ceased (ca. 12 hours). The solution was evaporated to small bulk 
in vacuo, water was added, and the precipitate was collected and extracted with excess of 
aqueous sodium hydrogen carbonate. Acidification of the extract and crystallisation from 
aqueous alcohol gave p-acetylbenzoic acid, m. p. 205—206° (lit., in the range 200° to 210°). 

5-p-Chloroacetylphenyl-3-methylcyclohex-2-enone (VII).—A mixture of 3-methyl-5-phenyl- 
cyclohex-2-enone (9-3 g.) and chloroacetyl chloride (7 g., 1-2 mols.) in carbon disulphide (200 
c.c.) was treated with powdered aluminium chloride (14 g., 2-1 mols.) as described above, except 
that the final period of reflux was 2 hours. The product was recovered in ethyl acetate, as 
before, and fractionation gave a small fore-running of unchanged 3-methyl-5-phenylcyclo- 
hexenone, b. p. 95—120°/0-5 mm., followed by the main product, b. p. 200—210°/0-4 mm. 
Crystallisation from aqueous ethanol afforded small colourless prisms of the chloro-ketone, m. p. 
94—95° (Found: C, 68-2; H, 6-0. C,,H,,0,Cl requires C, 68-6; H, 5-7%). Distillation of 
this compound was accompanied by some decomposition and loss of material. If, however, 
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the unchanged starting material was first removed by distillation, the residue could be used 
for the next stage (following experiment) without further purification. 

5-p-A cetoxyacetylphenyl-3-methylcyclohex-2-enone (VIII).—A_ solution of the foregoing 
compound (1-1 g.) in glacial acetic acid (25 c.c.) was refluxed with potassium acetate (2 g.) 
for 6—7 hours. The crude product (1-1 g.) was isolated by removing the solvent in vacuo on 
the water-bath and treating the residue with water. Recrystallisation from alcohol gave 
colourless needles of the acetoxyacetyl compound, m. p. 143—144° (Found: C, 70-8; H, 6-1. 
C,,H,,0, requires C, 71-3; H, 63%). 

5-p-Hydroxyacetylphenyl-3-methylcyclohex-2-enone (IX).—Concentrated hydrochloric acid 
(2 c.c.) was added dropwise to a solution of the above acetate (1 g.) in chloroform (15 c.c.) and 
methanol (30 c.c.), containing water (3 c.c.), and the mixture was left at room temperature for 
40 hours. Addition of water (100—150 c.c.) caused the separation of a chloroform layer which 
was removed. The aqueous phase was extracted with chloroform and the combined chloroform 
layers were dried and evaporated. MRecrystallisation from a small volume of benzene gave 
colourless lances (0-42 g.) of the etol, m. p. 127—129° (Found: C, 73-8; H, 6:7. C,5H,,.O, 
requires C, 73-8; H, 6-6%). 

m-Cyanobenzaldehyde.—A suspension of hexamine (7-1 g.) and m-cyanobenzyl bromide 
(5 g.) in chloroform (50 c.c.) was refluxed for 3 hours. When cold, the solid (7-5 g.) was collected, 
dried in a vacuum, and decomposed with 50% aqueous acetic acid under reflux for 2 hours. 
The solution was cooled, diluted with an equal volume of water, and chilled. The crop of 
colourless needles was collected, washed with aqueous sodium hydrogen carbonate, and dried, 
a further small crop being obtained on extraction of the mother-liquors with ether. The 
m-cyanobenzaldehyde (40%) thus prepared had m. p. 77—79°, alone and in admixture with an 
authentic specimen. 

p-Cyanobenzaldehyde.—By a similar procedure p-cyanobenzyl bromide (5 g.) afforded the 
aldehyde (51%), m. p. 99°. 

isoPhthalaldehydic Acid.—(a) m-Bromomethylbenzoic acid (3 g.) was allowed to react 
with hexamine (3-9 g.) as just described. The intermediate quaternary salt (4-7 g.) was 
decomposed, as before, with 50% aqueous acetic acid, yielding isophthalaldehydic acid (48%), 
m. p. 170—171°. 

(b) m-Bromomethylbenzoic acid (2-8 g.) and 10% aqueous copper nitrate (50 c.c.) were 
refluxed for 8 hours and then cooled overnight. The crystalline precipitate of isophthalaldehydic 
acid (80%), collected, washed with water, and dried, had m. p. 172—173°, alone and in ad- 
mixture with the product from (a). 

This aldehyde did not react smoothly with ethyl acetoacetate under the usual conditions. 

Diethyl 4-m-Cyanophenyl-2 : 6-diketoheptane-3 : 5-dicarboxylate—A mixture of m-cyano- 
benzaldehyde (1 g.) and ethyl acetoacetate (2 c.c.) was treated with piperidine (0-5 c.c.) in ethanol 
(0-5 c.c.) and set aside for 12 hours at room temperature. The solid product (77%; m. p. 
139—140°) was collected and washed with ethanol. The pure dione separated from ethanol 
in small colourless needles, m. p. 146—147° (Found: C, 64-4; H, 6-2; N, 3-8. C,.H,,0,N 
requires C, 64-3; H, 6-2; N, 3-7%). 

Diethyl 4-p-cyanophenyl-2 : 6-diketoheptane-3 : 5-dicarboxylate, m. p. 183—185° (Found: 
C, 64-0; H, 5-7; N, 40%), was similarly obtained (77%). 

Hydrolysis of Diethyl 4-m-Cyanophenyl-2 : 6-diketoheptane-3 : 5-dicarboxylate.—(a) The dione 
(2 g.) was heated for 4 hours under reflux with a mixture of acetic acid (15 c.c.) and sulphuric 
acid (1 c.c.). The dark solution was cooled, poured on ice, and filtered from a trace of amorphous 
solid. Extraction with ether gave a clear gum which crystallised slowly on trituration with 
light petroleum. The product (0-25 g.), which was insoluble in aqueous sodium hydrogen 
carbonate, separated from 95% alcohol in small colourless prisms, m.p. 167—168°, and appeared to 
be 5-m-carbamylphenyl-3-methylcyclohex-2-enone (Found : C, 72-9; H, 6-3; N, 6-2. C,,H,,O,N 
requires C, 73-4; H, 6-5; N, 6-2%). A further crop (0-3 g.) was obtained by concentration of 
the aqueous phase and further extraction with ether. 

(0) The dione (3 g.) was treated with 20% aqueous potassium hydroxide at the b. p. for 
14—15 hours. Subsequent acidification gave a partly crystalline product, from which a non- 
ketonic, nitrogen-free acid was isolated by reprecipitation from aqueous sodium hydrogen 
carbonate. The substance separated from water in prisms, m. p. 191—192°, and was shown 
by elementary analysis to be §-m-carboxyphenylglutaric acid (Found: C, 57:2; H, 51. 
C,.H,,0, requires C, 57-2; H, 48%). 

Ethyl 1-p-Cyanobenzyl-4-keto-2 : 3-dimethylcyclohex-2-ene-1-carboxylate (XII).—Ethy] 4-keto- 
2 : 3-dimethylcyclohex-2-ene-l-carboxylate (62-4 g.) (Horning, Horning, and Platt, J. Amer. 
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Chem. Soc., 1949, 71, 1771) in ether was slowly added to a suspension of finely powdered sodium 
ethoxide (from 7-4 g. of sodium) in dry ether (400 c.c.), stirred in hydrogen. After 2 hours’ 
stirring to complete formation of the sodio-derivative, a solution of p-cyanobenzyl bromide 
(62-4 g.) (Case, J. Amer. Chem. Soc., 1925, 47, 1144) in ether was gradually added, and the 
mixture was stirred under hydrogen for a further 10 hours. Two layers separated on addition 
of water. The aqueous phase was extracted With ether. Fractionation of the combined 
dried ethereal solutions afforded the ester (XII) as a viscous yellow oil (44%), b. p. 200—215°/0-1 
mm., 175—180° (bath)/0-:005 mm. (Found: N, 5-0. (C,,H,,O,;N requires N, 45%). The 
2 : 4-dinitrophenylhydvazone separated from ethanol in tiny orange-red prisms, m. p. 153— 
156° (Found: N, 13-8. C,;H,,O,N, requires N, 14:2%). 

1-p-Carboxybenzyl-4-keto-2 : 3-dimethylcyclohex-2-ene-l-carboxylic Acid (XIII).—A_ suspen- 
sion of the above ester (43-5 g.) in 25% aqueous potassium hydroxide (450 c.c.) was boiled under 
reflux for 48 hours, the oil slowly dissolving with evolution of ammonia. The crude dibasic 
acid separated in quantitative yield on acidification with hydrochloric acid. Recrystallisation 
from aqueous methanol afforded small colourless prisms, m. p. 233—234° (Found: C, 68-0; 
H, 6-0. C,,H,,0,; requires C, 67-5; H, 6-0%). 

1-p-Carbethoxybenzyl-4-keto-2 : 3-dimethylcyclohex-2-ene-l-carboxylic Acid (XV).—A_ sus- 
pension of the above dicarboxylic acid (48 g.) in benzene (320 c.c.), ethanol (20 c.c.), and con- 
centrated sulphuric acid (6 c.c.) was refluxed for 24 hours. The undissolved solid was then 
collected and treated in the same manner for a further 24 hours with a fresh mixture of the 
same composition. After removal of the final small insoluble residue the combined filtrates were 
washed with water and extracted with aqueous sodium hydrogen carbonate. Fractionation 
of the washed and dried benzene layer gave the diethyl ester (XIV) as a viscous yellow oil 
(20-1 g.), b. p. 196—203°/0-03 mm.; the 2: 4-dinitrophenylhydrazone separated from methanol-— 
ethyl acetate in crimson plates, m. p. 193°, Amax, 390 my (log ¢ 4-53 in CHCl,) (Found: N, 9-9. 
C,,H,,0,N, requires N, 10-4%). The sodium hydrogen carbonate washings (above) were 
acidified and extracted with benzene. Evaporation of the dried extract gave a crystalline 
residue (22 g.; m. p. 105—110°), and recrystallisation from aqueous ethanol afforded cream- 
coloured prisms (24%) of 1-p-carbethoxybenzyl-4-keto-2 : 3-dimethylcyclohex-2-ene-1-carboxylic 
acid (XV), m. p. 141—142° (Found: C, 69-1; H, 6-8. C,,H,.O,; requires C, 69-1; H, 6-7%). 

4-p-Carbethoxybenzyl-2 : 3-dimethylcyclohex-2-en-1-one (XVI).—A solution of the foregoing 
half-ester (8-6 g.) in redistilled quinoline (30 c.c.) was refluxed with a trace of copper bronze 
in a slow stream of nitrogen, and the issuing gases were passed through standard barium 
hydroxide solution. When titration showed that 1 mol. of carbon dioxide had been liberated 
(7—8 hours), the cooled mixture was distributed between ether and dilute hydrochloric acid. 
The ethereal layer was washed successively with dilute hydrochloric acid, water, aqueous 
sodium hydrogen carbonate, and water. Fractionation of the dried ethereal solution afforded 
4-p-carbethoxybenzyl-2 : 3-dimethylcyclohex-2-enone as a yellow oil (54%), b. p 150—160°/ 
0-001 mm., but precise analytical figures could not be obtained (Found : C, 73-9; H, 7-6. Calc 
for C,,H,.0,: C, 75-5; H, 7-7%). The substance was characterised as the 2 : 4-dinitrophenyl- 
hydvazone, which separated from methanol-ethy] acetate in brick-red prisms, m. p. 166° (Found: 
N, 12-3. C,,gH,,0,N, requires N, 12-0%). 

4-p-Carboxybenzyl-2 : 3-dimethylcyclohex-2-enone.—The above ester (5 g.) was treated with 
20°%4 aqueous potassium hydroxide solution (50 c.c.) under reflux for 3 hours. Ethanol was 
added to homogeneity, and refluxing was continued for a further 4 hours. The cooled solution 
was diluted with water and washed with ether. Acidification of the aqueous phase with 
hydrochloric acid precipitated a gum, which was isolated in ether and repeatedly digested with 
boiling light petroleum. The decanted petroleum extracts were combined and evaporated, 
leaving a solid residue, and recrystallisation from ligroin afforded colourless prisms (2-15 g.) 
of 4-p-carboxybenzyl-2 : 3-dimethylcyclohex-2-enone, m. p. 119° (Found: C, 73-8; H, 7:1. 
C,,H,,O, requires C, 74-4; H, 7-0%). 

4-p-A cetoxyacetylbenzyl-2 : 3-dimethylcyclohex-2-enone (X; *R = Me).—The above acid 
(1-6 g.) was dissolved in aqueous sodium hydroxide (1-05 equivalents in 40 c.c.) and the filtered 
solution was lyophilised at 0-005 mm. The tan-coloured sodium salt was finally dried at 105°/ 
0-001 mm. and powdered under dry benzene (10 c.c.).. A few drops of dry pyridine were added 
and the suspension was cooled in ice while oxalyl chloride (1-15 c.c.) was slowly run in with 
frequent shaking. Effervescence had ceased after 10 minutes at room temperature and the 
solvent was removed below 20°. Fresh benzene was added and evaporated in the same way 
and the residue was stirred with benzene and filtered. The solution of the acid chloride thus 
prepared was added dropwise to dried ethereal diazomethane (from 1-5 g. of methylnitrosourea), 





[1952] Aromatic Hydrocarbons. Part XLIV. 4783 


cooled in ice, and the mixture was set aside at room temperature overnight. On removal of 
the solvents the syrupy residue was treated with glacial acetic acid (10 c.c.) on the water-bath. 
After 1} hours, when evolution of nitrogen had entirely ceased, water (20 c.c.) was added and 
the product was taken up inether. The ethereal solution was washed thoroughly with aqueous 
sodium hydrogen carbonate and with water, and then dried and evaporated. Crystallisation 
of the residue from methanol containing a little water gave faintly yellow prisms (0-65 g.) of 
the 4-p-acetoxyacetylbenzyl compound, m. p. 98—99° (Found: C, 72:5; H, 7-0. Cy 9H ,O, 
requires C, 72-6; H, 7-1%). 

Biological Tests.—Weanling rats of the hooded strain were bilaterally adrenalectomised 
under ether and left to recover for a few hours. They were then divided into groups, allowing 
as far as possible litter-mate distribution among the groups and sharing males and females as 
evenly as possible. At 6 p.m. on the evening of operation they were given either the standard 
substance (III) or one of the test substances in arachis oil subcutaneously on the right flank; 
they were fed and watered and kept at 18—22° overnight. Early next morning they received 
a second injection on the left flank and the animals were then put in separate compartments 
of a cage and subjected to cold stress at 2—4°. The rats were examined after 3 hours at half- 
hourly intervals, with minimum exposure to room temperature. A control group (receiving 
only arachis oil) showed signs of distress and deaths after 6 + 1} hours. The animals were 
checked for absence of corneal reflex, the time of death was recorded, and the average length 
of survival for each group was calculated. The potency of the test substances was calculated 
in terms of (III) by constructing a laboratory dose-response curve (cf. Vogt, J. Physiol., 1943, 
102, 341), and the potency of each compound expressed as a percentage of the standard. The 
faithful technical assistance of Miss M. Eleanor Cammiade in carrying out these tests is gratefully 
acknowledged. 


LABORATORY ANIMALS BUREAU, M.R.C. LABORATORIES, 
HAMPSTEAD, Lonpon, N.W.3 (F. J. D.). 

NATIONAL INSTITUTE FOR MEDICAL RESEARCH, THE RIDGEWAY, 
Mitt Hitt, Lonpon, N.W.7 (D. A. A. K., J. W.). Received, August Ist, 1952 





933. Aromatic Hydrocarbons. Part LXIV.* 2: 3-6: 7-Dibenzo- 
fluoranthene. 


By E. CLar and D. G. STEWART. 


2: 3-6: 7-Dibenzofluoranthene was synthesised and identified with a by- 
product obtained from the ring closure of 9-phenyl-1 : 2-benzanthracene to 
1 : 2-3: 4-dibenzopyrene. 


WHEN 9-phenyl-1 : 2-benzanthracene was condensed to 1 : 2-3 : 4-dibenzopyrene by means 
of aluminium chloride a deep red hydrocarbon was obtained as a by-product (Clar and 
Stewart, J., 1951, 687). This has now been identified as 2 : 3-6 : 7-dibenzofluoranthene 
(IV) and synthesised from 5 : 12-dihydro-5-ketonaphthacene. The ketone with phenyl- 
magnesium bromide gave the 5-phenyl hydrocarbon (III) which was treated with 
aluminium chloride. Besides (IV), its tetrahydro-derivative (V) is formed as a by-product. 
This can be dehydrogenated to (IV) and has an absorption spectrum closely related to 
that of 2 : 3-benzofluoranthene (Tucker and Stubbs, J., 1951, 2939; Campbell and Marks, 
J., 1951, 2941). 
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The formation of (IV) from 9-phenyl-1 : 2-benzanthracene can be explained by the 
hydrogenation of the latter to (I) during the ring closure to 1 : 2-3 : 4-dibenzopyrene and 


* Part LXIII, J. Amer. Chem. Soc., 1952, in the press. 
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rearrangement to (II). This is related to the rearrangement of 1:2:3:4:5:6:7:2% 
octahydrophenanthrene to 1:2:3:4:5:6:7: 8-octahydroanthracene. 

2 : 3-6 : 7-Dibenzofluoranthene is readily photo-oxidized and with maleic anhydride 
rapidly forms (VI), whose absorption spectrum (Figure) is very similar to that of 9- 
phenyl-1 : 2-benzofluorene (Clar, Ber., 1930, 63, 513). 





5 


—— Disodium salt of the maleic anhydride 
adduct of (IV) in water. Band maxima in 
A with log ein parentheses: 3365 (4-18), 3295 
(4-04), 3220 (4-04); 3140 (4-22), 3005 (4-14); 
2740 (3-93); 2510 (4-76), 2420 (4-67). 
----— 9-Phenyl-3 : 4-benzofluorene in alcohol. 
Maxima: 3360 (4-13), 3270 (4:05); 3130 
(4-12), 3000 (4-02) ; 2640 (4-11); 2500 (4-50); 
2320 (4-65). 
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2 : 3-6 : 7-Dibenzofluoranthene (IV), prepared as above, was identical with a hydro- 
carbon synthesized by Dr. Neil Campbell by a different method to be described later. 


EXPERIMENTAL 

M. p.s are uncorrected, in evacuated capillaries. Microanalyses are by Mr. J. M. L. Cameron 
and Miss M. W. Christie. 

5-Keto-5 : 12-dihydronaphthacene.—This was prepared by the reduction of naphthacene- 
5 : 12-quinone, by a modification of Fieser’s method (J. Amer. Chem. Soc., 1931, 58, 2336). A 
finely divided suspension of the quinone (8 g.), obtained by precipitation from concentrated 
sulphuric acid with water, was heated in 4% sodium hydroxide solution (500 c.c.) to 95° and 
sodium dithionite (12 g.) added, giving a deep green solution. After several minutes pale 
crystals separated, and the solution became deep orange-brown. Two further portions (4 g.) 
of sodium dithionite were added at 15-minute intervals and the mixture boiled for 1 hour. The 
light brown precipitate, after filtration from the hot solution and washing, was recrystallised 
from acetic acid, small amounts of naphthacene being removed by the addition of a little maleic 
anhydride. The dark yellow needles of the ketone (7 g.), m. p. 185—190° (Fieser, loc. cit., 
gives m. p. 196°, but states that it varies with rate of heating), gave an orange-red solution in 
concentrated sulphuric acid. 

5-Phenylnaphthacene (111).— Phenylmagnesium bromide (from bromobenzene, 15-7 g.) in 
ether (50 c.c.) was added dropwise to a fine suspension of the ketone (4 g.) in benzene (50 c.c.). 
After 4 hour’s refluxing the clear red-brown solution was decomposed with dilute hydrochloric 
acid and the mixture steam-distilled, to remove solvents and diphenyl. Crystallisation of the 
resulting solid hydrocarbon from benzene gave brownish-yellow crystals (3-75 g.) which yielded 
orange-yellow prisms, m. p. 187—188°, from acetic acid (Found: C, 94-6; H, 5-3. C,H. 
requires C, 94-7; H, 53%). This sublimed in a vacuum, and gave a green solution in con- 
centrated sulphuric acid, which changed to violet on storage. 

1’ : 2’: 3’ : 4’-Tetvahydro-2 : 3-6 : 7-dibenzofluoranthene (V) and 2: 3-6 : 7-Dibenzofluoranthene 
(IV).—The phenyl compound (III) (2 g.) was added to a sodium chloride (2 g.)—aluminium 
chloride (10 g.) melt at 110°. The initial dark green solution rapidly changed to red and when 
uniform (after approx. 2} minutes) was poured into hydrochloric acid solution (1:1). After 
filtration and washing with hydrochloric acid, ammonia, and water, the dark red precipitate 
was heated at 170—180°/1 mm., an orange-yellow sublimate being obtained. The sublimate, 
which gave a green solution in concentrated sulphuric acid, was extracted with cold benzene and 
crystallised from xylene in orange-yellow plates which melted at 331—333° and gave a mixed 
m. p. of 332—333° with an authentic sample of naphthacene. The visual spectrum of the 
sublimate was identical with that of naphthacene. The residue after sublimation was dissolved 
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in benzene and chromatographed (alumina), with benzene—light petroleum (b. p. 40—60°) as 
eluant. The first yellow band gave a yellow eluate with a green fluorescence, which yielded on 
concentration yellow needles (0-4 g.), m. p. 151—152°, of 1’: 2’: 3’: 4’-tetrahydro-2 : 3-6: 7- 
dibenzofluoranthene (V) (Found: C, 93-8; H, 5-9. C,,H,, requires C, 94:1; H, 5:9%). The 
compound dissolved gave a yellow solution in concentrated sulphuric acid, changing to red. A 
second dark red band gave on elution a violet-red solution which was sensitive to light and on 
prolonged exposure was decolorised. This red eluate gave on concentration and crystallisation 
from bénzene stout red needles (0-8 g.), m. p. 216-5—217°, of 2: 3-6: 7-dibenzofluoranthene (IV) 
(Found: C, 95:5; H, 4:7. C,,H,, requires C, 95-3; H, 4-7%), identical with the red condens- 
ation product from 9-phenyl-1 : 2-benzanthracene (cf. Clar and Stewart, foc. cit.) and with a 
sample kindly supplied by Dr. Neil Campbell. It gave in concentrated sulphuric acid, a red- 
brown solution which on storage changed to violet. 

Dehydrogenation of (V).—The tetrahydro-derivative (V) (0-1 g.) and 20% palladium—charcoal 
(0-1 g.) were heated at 180° for 5 minutes in air-free carbon dioxide. The product was then 
sublimed at 1 mm., giving dark red needles. Crvystallisation from benzene gave needles, m. p. 
213—216° and mixed m. p. 214—216° with the sample of 2: 3-6: 7-dibenzofluoranthene 
obtained as above. The visual spectrum was identical with that of the previous sample. 

Maleic Anhydride Adduct.—2 : 3-6 : 7-Dibenzofluoranthene (IV) (0-1 g.) and excess of maleic 
anhydride were heated under reflux in benzene (1-5 c.c.) for 5 minutes; the deep red colour 
was thus discharged and, on cooling, colourless needles were obtained. Crystallisation from 
acetic anhydride gave the adduct as needles (Found: C, 84:0; H, 4-2. C,,H,,0, requires C, 
84-0; H, 4-:0%), decomp. from 256°, clear at 284° (red). 


UNIVERSITY OF GLASGOW (Received, August 21st, 1952.7 


934. Chemical Constitution and Amoebicidal Action. Part II.* Syn- 
thesis of 2-(1:2:3:4-Tetrahydro-6 : 7-dimethoxy-2-methyl-1-iso- 


quinolylmethyl) -1-(1 : 2: 3: 4-tetrahydro-6 : 7-dimethoxy -| - isoquin - 
olyl)-butane and -pentane and Other Analogues of Emetine. 


3y J. M. OsBonp. 
With a Biological Note. 
By J. D. Futton and D. F. Spooner. 


Analogues of emetine (I) have been prepared and include certain bistetra- 
hydroisoquinolylalkanes (VII; R = alkyl, R’ = R” = H or Me), the chief 
aim being the synthesis of the compound (II) derived from the emetine formula 
(I) by bond fission at a. These compounds (VII) were prepared from the 
appropriate NN’-diarylethyl glutardiamides (III; R = Et or Pr) by double 
ring closure to give the bisdihydroisoquinolylalkanes (IV; R ‘Et and 
Pr) which gave mono- (VI) and di-quaternary methiodides (VIII). These 
three pairs were then catalytically reduced. None of the compounds prepared, 
however, was active in concentrations up to 1 : 10‘ im vitro against E. histo- 
lytica, whereas emetine under similar conditions was active at 1: 10%. Asa 
development of this work ethyl 8-2-phenoxyethylglutarate was prepared for a 
projected synthesis of racemic “ bisnoremetine.”’ 


PREvi0ous syntheses of analogues of emetine (I) have not resulted in compounds of com- 
parable activity (Child and Pyman, /J., 1929, 2010; J., 1931, 36; Part I *), although 
certain bisalkylaminoalkanes, which may be regarded as being formally derived from 
emetine, were more active tm vitro (Pyman, J. Soc. Chem. Ind., 1937, 56, ‘789: Goodson, 
Goodwin, Gorvin, Goss, Kirby, Lock, Neal, Sharp, and Solomon, Brit. J. Pharmacol., 
1948, 3, 49; Hall, Mahboob, and Turner, J., 1952, 1956); and slight modifications of 
the emetine structure, as represented by the minor alkaloids of the ipecacuanha group, 
result in loss or diminution of activity against E. histolytica (Dobell and Laidlaw, 


* Part I, J., 1951, 3464. 
14D 
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Parasit., 1926, 18, 206; Jepps and Meakins, Brit. Med. J., 1917, II, 645; Wenyon and 
O'Connor, J. Roy. Army Med. Corps, 1917, 28, 473). However, although emetine in its 
biological action appears to be highly specific, it was considered worth while to prepare 
certain bistetrahydro-l-zsoquinolylalkanes, in particular (II), which are derived from the 
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emetine formula (1) by fission of the C-C bond at a and thus possess the two basic groups, 
one secondary and one tertiary, separated by five carbon atoms as in emetine. Another 
aim of the present work was to discover if the methods of synthesis described below were 
general and could be adapted to a synthesis of the emetine nucleus. 

In Part I,* two methods were described for the synthesis of 1 : 3-bis-(3 : 4-dihydro- 
6 : 7-dimethoxy-1-isoquinolyl)propane (IV; R =H). The first involved the condensation 
of formaldehyde with two molecules of ethyl 3 : 4-dihydro-6 : 7-dimethoxy-1-isoquinolyl- 
acetate followed by hydrolysis and decarboxylation of the carbethoxy-groups, and the 
second involved the dicyclisation of the glutardiamide (III; R = H) with phosphoric oxide 
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in toluene. On reduction, (IV; R =H) gave the two racemates (VII; R = R’ = 
R” =H) neither of which possessed appreciable activity against E. histolytica in vitro. 
It was hoped that both these methods could be employed in the synthesis of (IV; R = 
Et or Pr). In attempts to condense ethyl 3 : 4-dihydro-6 : 7-dimethoxy-1-isoquinolyl- 
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acetate with propaldehyde or butyraldehyde in the presence of sodium ethoxide or hydrogen 
chloride at room temperature only starting material was recovered and when the con- 
densation was carried out in dilute acetic acid solution (cf. Part 1) no crystalline product 
was obtained. The alternative method, dicyclisation of (I11), was however satisfactory. 

8-Propylglutaric acid was conveniently obtained by condensing butyraldehyde with 
two molecules of cyanoacetamide and then hydrolysing and decarboxylating the aa’-di- 
cyano-%-propylglutaramide with concentrated hydrochloric acid (Day and Thorpe, /., 
1920, 1465). The ethyl ester and 2-(3: 4-dimethoxyphenyl)ethylamine at 200° gave 
NN’-bis-2-(3 : 4-dimethoxyphenyl)ethyl-$-propylglutaramide (III; R = Pr), with a small 
amount of N-2-(3 : 4-dimethoxyphenyl)ethyl-$-propylglutarimide (V). The structure of 
(V) was proved by treating 2-(3 : 4-dimethoxyphenyl)ethylamine with $-propylglutaric 
anhydride in benzene and treating the product (IX; R =H), with acetic anhydride, 
which gave (V), or with phosphoric oxide in toluene which gave (V) together with (X; 
R=H). An attempt to dicyclise the methyl ester (IX; R= methyl) to a_ benzo- 
pyridocolone with phosphorus oxychloride in toluene yielded only (X; R= Me) (cf. 
Haworth, Perkin, and Pink, J., 1925, 1709) which on catalytic reduction gave the tetra- 
hydrotsoquinoline (XI). 

The glutardiamide (III; R = propyl) gave undesired products by side reactions on 
cyclisation by phosphorus oxychloride in toluene (cf. Child and Pyman, Joc. cit., 1929; 
Osbond, Joc. cit.), but treatment with phosphoric oxide in toluene gave a 40% yield of (IV; 
R = Pr), characterised as the dihydrochloride and dihydrobromide. Reduction of this 
with tin and hydrochloric acid gave no useful result, but hydrogenation in presence of 
Adams’s catalyst in dilute hydrochloric acid yielded, after rather tedious fractionation 
of the dihydrogen dioxalates, the two racemates (VII; R = Pr, R’ = R” = H). 

When the bisdihydrotsoquinolylalkane (IV; R = Pr) was refluxed with an excess of 
methy] iodide, the dimethiodide (VIII; R = Pr) was formed, which on catalytic reduction 
gave the dihydriodide of the bistetrahydro-compound (VII; R = Pr, R’ = R” = Me). 
Use of 1 mol. of methyl iodide in benzene at room temperature led to the monomethiodide 
(VI; R= Pr). This was somewhat unstable when recrystallised but it was possible to 
reduce the crude methiodide catalytically in methanol to the hydriodide of the mono- 
methyl derivative (VII; R = propyl, R’ = Me, R” = H), only one isomer being isolated. 

For biological testing the next lower homologues were prepared similarly from ethyl 
8-ethylglutarate. Catalytic reduction of the bisdihydroisoquinolylalkane (IV; R = Et) 
was first carried out in dilute hydrochloric acid and after fractional crystallisation of the 
dihydrogen dioxalates two racemates (VII; R = Et, R’ R” =H) were isolated, but 
if reduction was carried out in methanol separation of the two isomers was easier and the 
yields were better. 

It was thought that the general route (III) —~ (IV) —~ (VII) might be adapted to 
the synthesis of racemic “‘ bisnoremetine ’’ (I; without the ethyl group). If, for instance, 
the compound (IV; R = CH,°CH,°OPh) or (VII; R = CH,°CH,°OPh, R’ = R” H) 
could be obtained, replacement of the phenoxy-group by bromine would after cyclisation 
lead to the formation of the fifth ring of emetine. So ethyl 8-2-phenoxyethylglutarate 
(XII) was synthesised as shown in the scheme. At this point Pailer and Strohmayer 

Two 


PhO-[CH,]},‘CH(CO,H), —> PhO-(CH,},-CBr(CO,H,) 


steps 
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PhO-[CH,],°CHBr-CO,Et —» PhO-[CH,)],CH:CH-CO,Et —» PhO-[CH,}-CI 


/CHyCO,H 
PhO-[CH,],CH —> PhO-[CH,},CH(CH,-CO,Et), (XII) 
NCH(CO,H), 


(Monatsh., 1951, 82, 1125) reported the synthesis of (XII) by the same route and for the 
same purpose. Where physical constants are given for their intermediates they agree 


with ours. As no experimental details have been given in their note we record our synthesis 
in the Experimental section. 


Biological Note.—Apart possibly from monkeys there is no entirely suitable laboratory 
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animal to serve as host for the screening of potential amoebicides. For that reason in vitro 
tests, with all their inherent draw-backs, in which E. histolytica is cultured in presence of 
a mixed bacterial flora or with a single bacterial species, have been widely employed for 
the evaluation of new drugs. The preliminary results obtained in this way should be 
followed by animal or clinical tests after the necessary data on pharmacology and toxicology 
have been obtained. As E. histolytica can only be cultured in the presence of bacteria, it 
is essential that a lethal action by chemical agents on the amoebe be distinguished from 
that on the accompanying bacteria which, if affected, would indirectly produce the same 
result. Such antibacterial action might, however, be a desirable additional property in 
any drug. Dobell and Neal (Parasit., 1952, 42, 16) were able to culture E. Aistolytica in 
the presence of a single bacterium and we have used the methods of test described by 
Dobell (Ann. Soc. belg. Med. trop., Liber Jubilaris J. Rodhain, 1947, 201) as modified by 
Fulton, Joyner, King, Osbond, and Wright (Proc. Roy. Soc., 1950, B, 187, 356). 


A strain of E. histolytica originally isolated from a human patient by Dobell and cultured in 
the presence of a single organism (a smooth non-motile form of Bacillus coli communis) was used 
The culture medium was monophasic and consisted of inactivated horse serum 1 part, Ringer’s 
solution 8 parts, and 0-2% of Na,HPO, to give pH 7-2 with the addition of 20% of Wright’s 
broth Each |. of this medium was mixed with 10 ml. of sterile 0-1°% methylene-blue solution, 
which is without action on the amoeba and serves as indicator, being reduced in presence of 
the actively growing B. coli. A pure culture of the latter was grown on a serum-—agar slope and 
suspended in 2% glucose broth so that each ml. contained 30 x 10® organisms as determined 
by an opacity standard. One drop of this suspension readily reduced methylene-blue without 
overgrowth of bacteria after 24 hours at 37° and conditions were then regarded as suitable for 
the growth of E. histolytica. When reduction of methylene-blue was prevented through 
bactericidal action of a drug the test could not be used. Each drug under test was dissolved 
in the medium and added to the tubes containing methylene-blue so as to give the desired 
concentration, duplicate tubes being used for each dilution. In preliminary tests of any sub- 
stance concentrations of 1: 10%, 1: 10*, and 1: 10° were first employed. Amoebz contained 
in the sediment of other culture tubes were added, in 0-1 ml. portions, to 6 control tubes without 
drug and to those in which drug was present, generally 42 in number, representing seven drugs. 
Emetine was frequently included in the test with each batch of drugs. After 3 days’ incubation 
the results were read by withdrawal of some sediment from the tube and examination of the 
fresh preparation under the microscope with a }”’ objective and 6x eyepiece. The end-point 
was taken as that dilution of drug in which no live amoebz could be found. The result in 
cases of doubt was checked by subculture in fresh medium. The results are tabulated. 


Inactive Inactive at 1: 104 
(IV; Pr) 
: sy H; racemate A) (VII; Pr, R’ Me, R” H or Me) 
(VIII; R Et or Pr) (VII; Et, R’ Me, R’’ H) 
Active at 1: 108 Active at 1: 104 
(VII; R Et, R’ R’’ = H: racemate B) (VII; R= + yy R”’ H; racemate A) 


VII : 4 R Me) 
Active os (vil; 
Emetine steal (VII; ’, mR’ fy H; racemate B) 


EXPERIMENTAL 

Ethyl 8-Ethylglutarate (cf. Day and Thorpe, Joc. cit.).—-Freshly distilled propaldehyde (33 g.) 
was added to cyanoacetamide (96 g.) in water (720 c.c.). The solution was cooled to 15° and 
aqueous potassium hydroxide (1 c.c.; 50%) was added and after 1 hour at room temperature 
it was stored overnight at 0°. The precipitate (formed 0-5 hour after the addition of alkali) 
was filtered off, dried, and refluxed in concentrated hydrochloric acid (700 c.c.) and water 
(700 c.c.) for 5:5 hours by which time all the carbon dioxide had been evolved. The solution 
was saturated with sodium chloride and extracted with ether several times. The extracts 
were dried (Na,SO,) and gave, after removal of solvent, $-ethylglutaric acid as a gum which 
rapidly crystallised. The crude acid was esterified (ethyl alcohol-sulphuric acid; refluxing 
overnight) and the product on vacuum-distillation gave the ethyl ester (68 g.), b. p. 102— 
104°/0-5 mm. A portion, redistilled, had b. p. 117—117-5°/2-0 mm., mn} 1-4431 (Found: C, 
61-2; H, 9°7. C,,H,O, requires C, 61-1; H, 93%). 
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Ethyl 8-Propylglutarate—Butyraldehyde (18-02 g.) similarly gave the ester (28 g.), b. p. 
110—115°/2 mm. 

NN’-Bis-2-(3 : 4-dimethoxyphenyl)ethyl-B-ethylglutardiamide (III; R = Et).—Ethyl 6-ethyl- 
glutarate (10-8 g.) and 2-(3 : 4-dimethoxyphenyl)ethylamine (18-1 g.) were heated in an open 
flask at 200—210° for 3-5 hours. The mixture was cooled and benzene (ca. 50 c.c.) was added. 
The solid (8-12 g.) was collected and recrystallised from alcohol from which the amide (5-7 g.) 
separated as needles, m. p. 155—157° (Found: C, 66-7; H, 7-7; N, 5:7. C,,H;,0,N, requires 
C, 66-65; H, 7-9; N, 58%). The benzene mother-liquor from this experiment and another 
conducted on twice the scale were concentrated and cooled to —5°. The solid which slowly 
separated was collected and recrystallised twice from alcohol from which N-2-(3 : 4-dimethoxy- 
phenyl)ethyl-B-ethylglutarimide (1-54 g.) separated as plates, m. p. 126—127° (Found: C, 67-0; 
H, 7-3; N, 4-55. C,,H,,0,N requires C, 66-9; H, 7-6; N, 4:6%). 

NN’-Bis-2-(3 : 4-dimethoxyphenyl)ethyl-B-propylglutardiamide (III; R Pr).—Ethyl 86- 
propylglutarate (19 g.) and 2-(3 : 4-dimethoxyphenyl)ethylamine (28 g.) were heated at 200 
215° for 4 hours as in the above experiment. On dilution with benzene a jelly-like solid separated 
which partly crystallised overnight. When carried out at 180° the reaction was incomplete. 
The amide (14 g.) separated from benzene as needles, m. p. 114° (Found: C, 67-1; H, 7-7. 
Cy,HyO,N, requires C, 67-2; H, 8-05%). From the benzene mother-liquor on concentration 
a second compound separated from aqueous alcohol as square prisms (1-0 g.), in. p. and mixed 
m. p. with N-2-(3: 4-dimethoxyphenyl)ethyl-8-propylglutarimide (see below) 100—101° 
(Found : C, 67-7; H, 7-8; N, 4:6. C,,H,,;0O,N requires C, 67-7; H, 7-9; N, 44%). From the 
mother-liquor, on vacuum-distillation 2-(3 : 4-dimethoxyphenyl)ethylamine (8 g.), b. p. 110°/0-75 
mm., was obtained. 

N-2-(3 : 4-Dimethoxyphenyl)ethyl-8-propylglutaramic Acid (IX; R = H).—§-Propylglutaric 
anhydride (7-8 g.; Day and Thorpe, /oc. cit.) in benzene (25 c.c.) was added to 2-(3 : 4-dimethoxy- 
phenyljethylamine (9-05 g.) and after the vigorous reaction had subsided the mixture was 
refluxed for 1 hour. The solution was cooled, light petroleum (b. p. 40—60°) was added, and 
a white solid precipitated on scratching. Recrystallisation from benzene afforded the acid as 
small flat prisms (15 g.), m. p. 82—83° (Found: C, 64-4; H, 7-8; N, 4-15. C,,H,,O,;N requires 
C, 64-1; H, 81; N, 415%). 

N-2-(3 : 4-Dimethoxyphenyl)ethyl-8-propyliglutarimide (V).—(a) The glutaramic acid (3 g.) 
described above was heated in acetic anhydride (10 c.c.) on the water bath for 0-5 hour. After 
the excess of anhydride had been removed under reduced pressure, ethanol was added and then 
a few drops of water. The crystalline material (0-55 g.) separated from aqueous alcohol as 
square prisms, m. p. and mixed m. p. with the material described above, 100—101°. 

(b) The glutaramic acid (3-37 g.) in boiling toluene (75 c.c.) was treated with phosphoric 
oxide (20 g.) and refluxed for 1-5 hours at/130° (oil-bath). The toluene was decanted off and the 
residue dissolved in water. After separation of more toluene and extraction once with ether, 
the aqueous solution was basified with aqueous sodium hydroxide (50%) and then extracted 
with ether, which, however, only contained a trace of material. The solution was then adjusted 
to pH 7 and extracted twice with chloroform which yielded a reddish gum. The gum gave, in 
ethanol, a picrate (0-3 g.) as tablets, m. p. 179—181°, and was considered to be 3-(3 : 4-dihydro- 
6 : 7-dimethoxy-1-isoquinolylmethyl)hexanoic acid picrate (Found: C, 52-9; H, 5-2; N, 10-5. 
C,,H,,0O,N,C,H,O,N, requires C, 52-55; H, 5-1; N, 10-2%). The combined toluene and ether 
extracts gave on evaporation to dryness a crystalline residue which on recrystallisation yielded 
prisms (0-8 g.) of N-2-(3 : 4-dimethoxyphenyl)ethyl-8-propylglutarimide, m. p. and mixed m. p. 
98—100°. Treatment of this glutarimide under more vigorous conditions with phosphoric oxide 
in xylene gave unchanged starting material. 

Methyl 3-(3 : 4-Dihydro-6 : 7-dimethoxy-1-isoquinolylmethyl)hexanoate Hydrochloride (cf. X; 
R = Me).—N-2-(3 : 4-Dimethoxypheny]l)ethyl-$-propylglutaramic acid (5 g.) in methanol 
(50 c.c.) was saturated at 0° with dry hydrogen chloride. After being kept overnight at room 
temperature the solution was diluted with water and extracted twice with ether. The ethereal 
extracts, after being washed with water and dilute sodium hydrogen carbonate solution and 
dried (K,CO,), yielded an oily methyl ester (3-5 g.). To a boiling solution of this in toluene 
(50 c.c.), phosphorus oxychloride (10 c.c.) was added and the solution refluxed for 1 hour. To 
the cooled yellow solution light petroleum (b. p. 40—60°) was added and the supernatant liquor 
was then decanted from the yellow oil which had separated. The oil was dissolved in water 
and made alkaline with 2N-sodium hydroxide. The basic material was extracted twice with 
ether and dried (K,CO,) and the resulting pale yellow mobile oil was converted into the Aydro- 
chloride by evaporation to dryness with a slight excess of dilute hydrochloric acid. The salt 
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separated from ethanol-ether as prisms (1-23 g.), m. p. 177—-178° (on one occasion they melted 
at 160°, resolidified, and remelted at 178—179°) (Found: C, 616; H, 7-9; N, 4-0. 
C,,H,,0,N,HCI requires C, 61-7; H, 7-5; N, 3-8%): 

Methyl 3-(1: 2:3: 4-Tetrahydro-6 : 7-dimethoxy-1-isoquinolylmethyl)hexanoate Hydrochloride 
(cf. XI).—The dihydroisoquinolyl-ester hydrochloride (0-59 g.) described above was hydrogen- 
ated in methanol (15 c.c.) at room temperature and atmospheric pressure in the presence of 
Adams's catalyst (0-05 g.). The product, a crystalline solid (0-22 g.), m. p. 138—150°, gave after 
recrystallisation from ethanol-ether the tetrahydroisoquinoline hydrochloride, m. p. 150—152° 
(Found: C, 61-4; H, 8-5. C,,H,O,N,HCI requires C, 61-35; H, 8-1%). 

1-(3 : 4-Dihydro-6 : 7-dimethoxy-1-isoquinolyl)-2-(3 : 4-dihydro-6 : 7-dimethoxy -1-isoquinolyl- 
methyl)butane (IV; R = Et).—To a solution of NN’-bis-2-(3 : 4-dimethoxypheny]l)ethyl-8- 
ethylglutardiamide (10-83 g.) in boiling dry toluene (200 c.c.) was added phosphoric oxide 
(30 g.), in one lot, with constant shaking to prevent the solid from caking, and after 0-5 hour a 
further quantity of phosphoric oxide (30 g.) was added. After refluxing for a total of 2-5 hours 
the mixture was cooled, the toluene decanted, and the resulting mixture decomposed with 
water with cooling. The toluene layer was separated and the aqueous extract, after one 
extraction with ether, was made alkaline by the slow addition of aqueous sodium hydroxide 
(50%). The yellow oil which separated solidified when scratched and cooled to 5°. The solid 
was dissolved in benzene and after filtration from a small amount of insoluble material the base 
separated on concentration as needles (5-22 g.), m. p. 140—142°. One further recrystallisation 
from benzene gave the pure base (4-3 g.), m. p. 149—150° (Found: C, 72-3; H, 7-6; N, 6-3. 
C,,H,,0O,N, requires C, 72-0; H, 7-6; N, 6-2%). The dihydrobromide separated from ethanol- 
ether as prisms, m. p. (air-dried sample) 168—170° (Found, on air-dried specimen: C, 47-7; 
H, 6:3; N, 4:4; H,O, 10-3. C,,H,,0O,N,,2HBr,4H,O requires C, 47-4; H, 6-5; N, 4-1; H,O, 
10-6. Found, on specimen dried at 150°; C, 52-6; H, 6-6; N, 4-9. C,,H;,0,N,,2HBr requires 
C, 52-9; H, 5-9; N, 46%). The dimethiodide (VIII; R = Et) was prepared by refluxing the 
bisdihydroisoquinoline base (0-5 g.) with methyl iodide (5 c.c.) for 2 hours. The solid, which 
had separated rapidly, crystallised from methanol-ether as yellow prisms (0-65 g.), m. p. 175— 
176°. A portion, recrystallised from methanol, had, when air dried, m. p. 172—174° (Found, 
on air-dried specimen: C, 45-2; H, 6-0; N, 3-7; H,O, 4:75. C,.,H,O,N,I,,2H,O requires C, 
45-2; H, 5-75; N, 3-6; H,O, 4:7. Found, on specimen dried at 150° in vacuo: C, 47-8; H, 
5-8; N, 4-25. Cy 9H,O,N,I, requires C, 47-4; H, 5-5; N, 3-8%). 

1-(3 : 4-Dihydro-6 : 7-dimethoxy-1-isoquinolyl)-2-(3 : 4-dihydro-6 : 7-dimethoxy - 1 -isoquinolyl - 
methyl)pentane (IV; R = Pr).—To a solution of NN’-2-(3 : 4-dimethoxypheny])ethyl-8-propyl- 
glutardiamide (7-5 g.) in boiling dry toluene (150 c.c.) phosphoric oxide (25 g.) was added with 
frequent shaking for the first 15 minutes, and then after 0-5 hour a further 25 g. of phosphoric 
oxide was added. After refluxing for a total of 2 hours the product was worked up as described 
above and crystallised from benzene as needles (2-2 g.), m. p. 123—125°, and a second crop 
(0-62 g.; m. p. 115—120°) was obtained on concentration. The base separated from benzene- 
light petroleum (b. p. 40—60°) as needles, m. p. 125-5—126-5° (Found: C, 72-5; H, 7-9; N, 
6-1. C,,H,;,0O,N, requires C, 72-4; H, 7-8; N, 60%). No crystalline material could be 
obtained from the benzene mother-liquor but treatment with hydrochloric acid gave the 
dihydrochloride which separated from ethanol as yellow prisms (0-3 g.), m. p. 185—187° (decomp.) 
(Found, on air-dried specimen: C, 60-9, 60-8; H, 7-6, 7-3; N, 5-2. C,,H,;,0,N,,2HCI1,2H,O 
requires C, 60-5; H, 7-3; N, 5-0. Found, on specimen dried at 150° in vacuo: Cl, 13-6; N, 5-6. 
C,,H,,0,N,,2HCl requires Cl, 13-2; N, 5-2%). The dihydrobromide separated from ethanol- 
ether in yellow prisms, m. p. 184—185° (decomp.) (Found, on air-dried specimen: C, 52-0; 
H, 6:2; N, 4-6; H,O, 2-1. C,,H;,0,N,,2HBr,2H,O requires C, 52:2; H, 6-25; N, 4:3; H,O, 
2-8%). The dimethiodide (VIL; R = Pr), prepared by refluxing the base (0-3 g.) with methyl 
iodide (3 c.c.) for 2 hours, separated from methanol as yellow prisms (0-3 g.), m. p. 156—158° 
(decomp.) (Found, on air-dried specimen: C, 45:2; H, 5-8; N, 3-7; I, 31-8; H,O, 4-85. 
C39H,O,N,I,,2-5H,O requires C, 45-4; H, 6-0; N, 3-5; I, 32-0; H,O, 5-7. Found, on specimen 
dried at 120°: C, 47-9; H, 5-9; N, 4-2. C,)9H,,0O,N,I, requires C, 48-2; H, 5-65; N, 3-7%). 

1-(1: 2:3: 4-Tetrahydro-6 : 7-dimethoxy-1-isoquinolyl)-2-(1 : 2: 3: 4-tetrahydvo-6 : 7-dimeth- 
oxy-1-isoquinolylmethyl)butane Dihydrogen Dioxalates (cf. VII; R= Et, R’ = R” = H).— 
1-(3 : 4-Dihydro-6 : 7-dimethoxy-1-isoquinoly])-2-(3 : 4-dihydro-6 : 7-dimethoxy-1-isoquinolyl- 
methyl)butane (1-0 g.) was hydrogenated in methanol (30 c.c.) in the presence of Adams’s 
catalyst (0-05 g.) at atmospheric pressure and room temperature. After 3 hours 135 c.c. of 
hydrogen had been taken up. The catalyst was removed and to the concentrated filtrate, 
oxalic acid (0-6 g.; hydrated) in methanol was added. On seeding and storage a solid slowly 
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separated. Two recrystallisations from methanol yielded the dihydrogen dioxalate (A) as cubic 
prisms (0-45 g.), m. p. 185—187° (Found: C, 58-95; H, 6-9; N, 49. C,,H,,O,N,,2H,C,0, 
requires C, 58-7; H, 6-7; N, 44%). The first methanol mother-liquor was concentrated and 
ether was added. After storage for some time and with the aid of a seed of the second isomer, 
a solid separated (0-32 g.) (m. p. 163—170°) which was not definitely crystalline. Recrystallis- 
ation from methanol-ether afforded needles of the dihydrogen dioxalate (B) which shrank at 
176°, melted 177—179°, and gave a depression of m. p. to 172—178° on admixture with (A) 
(Found: C, 58-0; H, 7-0; N, 48%). In a previous reduction carried out in dilute hydro- 
chloric acid the two isomers were separated by tedious fractional crystallisation as dihydrogen 
dioxalates and provided the seeds mentioned above. Whencrystallisation was from methanol, 
as recorded, the yields and separation of the two isomers were more satisfactory. 

1-(1 : 2:3: 4-Tetrahydro-6 : 7-dimethoxy-1-isoquinolyl)-2-(1 : 2: 3: 4-tetrahydro-6 : 7-dimethoxy- 
1-isoguinolylmethyl) pentane Dihydrogen Dioxalates (cf. VII; R= Pr, R’ = R” = H).— 
1-(3 : 4-Dihydro-6 : 7-dimethoxy-1-isoquinoly])-2- (3 : 4-dihydro-6 : 7-dimethoxy-1-isoquinolyl- 
methyl)pentane (1-10 g.) in 3N-hydrochloric acid (5c.c.) and water (15 c.c.) was hydrogenated as 
described above. After 3 hours the hydrogen uptake (140 c.c.) was complete; the catalyst was 
filtered off and the filtrate was made alkaline with 2N-sodium hydroxide, and the basic material 
was extracted twice with ether and dried (K,CO,). The gum (1-08 g.) thus obtained was added in 
ethanol to oxalic acid (0-6 g.) in ethanol and cooled to 0°. The white solid (0-49 g.) which was 
partly crystalline under polarised light gave after two recrystallisations from methanol the 
pure dihydrogen dioxalate (A) as needles, m. p. 181—183° (decomp.) (Found, on air-dried speci- 
men: C, 55:7; H, 7-3; N, 44; H,O, 5-3. C,,H,O,N,,2H,C,0,,2H,O requires C, 56-1; H, 
7-1; N, 4:1; H,O, 5-3. Found, on specimen dried at 120°: C, 58-75; H, 7:2; N, 4-4. 
CygHyO,N,,2H,C,O, requires C, 59-2; H, 6-8; N, 43%). The methanol mother-liquor on 
slow evaporation gradually deposited a white solid (0-25 g.), m. p. 193—194°, which afforded 
on recrystallisation from methanol the dihydrogen dioxalate (B), shrinking 196°, m. p. 200—202° 
(Found: C, 59-5; H, 7-1; N, 4:3%). 

1-(1 : 2:3: 4-Tetrahydro-6 : 7-dimethoxy-2-methyl-1-isoquinolyl)-2-(1 : 2: 3 : 4-tetrahyvdro-6 : 7- 
dimethoxy-2-methyl-1-isoquinolylmethyl)butane Dihydrobromide (cf. VII; R=Et, R’ 
R” = Me).—1-(3 : 4-Tetrahydro-6 : 7-dimethoxy-1-isoquinoly]) -2-(3 : 4-dihydro-6 : 7-dimeth- 
oxy-1l-isoquinolylmethy]l) butane dimethiodide (1-26 g.) in methanol (220 c.c.) was hydrogenated 
in the presence of Adams’s catalyst (0-1 g.) at room temperature and atmospheric pressure. 
After the theoretical uptake of hydrogen (140 c.c.; 2-25 hours) the catalyst was removed, the 
filtrate concentrated, ether cautiously added, and the solution stored at 0°. The dihydriodide 
(0-54 g.), m. p. 240—241° (meniscus at 250°), separated as a microcrystalline solid (Found: N, 
3-8. C,,H,.O,N,,2HI requires N, 3-8%). A portion was dissolved in water and made alkaline, 
and the base was extracted with ether. The oil thus obtained yielded a dihydrobromide which 
separated from aqueous alcohol as a microcrystalline powder, m. p. 265—268° (decomp.) (Found : 
C, 53-7; H, 7-1; N, 4:7. C,,H,,0O,N,,2HBr requires C, 54-05; H, 6-9; N, 4-3%). When this 
catalytic reduction was carried out in dilute hydrochloric acid the solution became brown and 
no compound was characterised. 

1-(1 : 2: 3: 4-Tetrahydro-6 : 7-dimethoxy-2-methyl-1-isoquinolyl)-2-(1 : 2: 3: 4-tetrahydro-6 : 7- 
dimethoxy-2-methyl-1-isoquinolylmethyl) pentane Dihydriodide (cf. VII; R= Pr, R’ = R” = 
Me).—1-(3 : 4-Dihydro-6 : 7-dimethoxy-1-isoquinoly]l)-2-(3 : 4-dihydro-6 : 7-dimethoxy - 1 -iso- 
quinolylmethyl)pentane dimethiodide (0-44 g.) in methanol (100 c.c.) was hydrogenated as 
described above. When ether was added to the filtrate prisms (0-18 g.) gradually separated. 
Recrystallisation from methanol afforded the dihydriodide as prisms, m. p. 235—-237° (decomp.) 
(Found: C, 47-9; H, 6-5; N, 4-1. C39H,,O,N,,2HI requires C, 47-9; H, 6-2; N, 3-7%). 
The methanolic mother-liquor was concentrated but no more crystalline material was obtained, 
nor could a crystalline dihydrogen dioxalate be obtained from the residue. 

1-(3 : 4-Dihydro-6 : 7-dimethoxy-1-isoquinolyl)-2-(3 : 4-dihydro-6 : 7-dimethoxy-1-isoquinolyl - 
methyl)butane Methiodide (VI; R = Et).—Methy] iodide (0-56 g., 2 mols.) in dry benzene (4 c.c.) 
was added to a solution of 1-(3 : 4-dihydro-6 : 7-dimethoxy-1-isoquinoly]l)-2-(3 : 4-dihydro-6 : 7- 
dimethoxy-1l-isoquinolylmethyl) butane (0-9 g., 1 mol.) in benzene (20 c.c.) at room temperature 
and the whole kept overnight. The yellow methiodide precipitated (0-6 g.) was washed with 
ether and recrystallised from ethanol as small yellow prisms, m. p. 148—149° (Found: C, 56-4; 
H, 6-5; N, 4:8. C,,H,;,O,N,I requires C, 56-75; H, 6-3; N, 4-7%). 

2-(1: 2:3: 4-Tetrahydro-6 : 7-dimethoxy-2-methyl-1-isoquinolylmethyl) -1-(1: 2: 3: 4-tetra- 
hydro-6 : 7-dimethoxy-1-isoquinolyl)butane Hydriodide (cf. VIL; R = Et, R’ = Me, R” = H).— 
The above monoquaternary salt (0-3 g.) was hydrogenated in methanol (50 c.c.) and at room 
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temperature and atmospheric pressure in the presence of Adams’s catalyst. When absorption 
was complete the catalyst was removed and the filtrate concentrated and treated with a few 
drops of ether. The hydriodide separated as yellow prisms, m. p. 212—-214° (Found: C, 55-4; 
H, 6-3; N, 4:7. C,,.H3,0,N,,HI,0-5H,O requires C, 55-7; H, 6-7; N, 46%). 

1-(3 : 4-Dihydro-6 : 7-dimethoxy-1-isoquinolyl)-2-(3 : 4-dihydro-6 : 7-dimethoxy-1 -isoquinolyl - 
methyl)pentane Methiodide (VI; R Pr).—Methy] iodide (0-14 g., 1 mol.) in benzene (5 c.c.) was 
added to 1-(3 :4-dihydro-6 : 7-dimethoxy-1-isoquinoly]l)-2-(3 : 4-dihydro-6 : 7-dimethoxy-1-iso- 
quinolylmethyl)pentane (0-46 g., 1 mol.) in benzene (20 c.c.) at room temperature and stored in 
the dark. After 3 hours the solution became cloudy and next morning a pale yellow crystalline 
material together with some gum, which solidified on scratching, separated. This material 
(0-23 g.), m. p. 1837—140°, was filtered off, washed with benzene, and dried, and could be used 
directly without further purification for reduction. Although this monoquaternary methiodide 
was somewhat unstable on recrystallisation from ethanol, it separated from methanol-ether as 
yellow prisms, m. p. 147—148° (Found: C, 57-0; H, 6-6; N, 4-8; I, 21-1. C,,H;,0,N,I 
requires C, 57-4; H, 6-5; N, 4-6; I, 20-9%) 

2-(1: 2:3: 4-Tetrahydro-6 : 7-dimethoxy-2-methyl-1-isoquinolylmethyl) -1-(1: 2:3: 4-tetra- 
hydro-6 : 7-dimethoxy-1-isoquinolyl) pentane Hydriodide (cf. VIL; R = Pr, R’ = Me, R” = H) 
The quaternary methiodide (0-23 g.) was hydrogenated in methanol (50 c.c.) at room temperature 
and as above (1 hour). The catalyst was removed and the filtrate concentrated. A powder 
(0-05 g.) slowly separated (m. p. 210°), which, when crystallised from methanol-ether, afforded 
prisms of the hydriodide, m. p. 215—216° (Found: C, 57-2; H, 7:2; N, 4-8. C,,H,,O,N,,HI 
requires C, 57-05; H, 7-1; N, 46%). 

a-Bromo-x-3-phenoxypropylmalonic Acid.—To «a-3-phenoxypropylmalonic acid (71-4 g.) 
in ether (300 c.c.), bromine (15-9 c.c.) was added dropwise with stirring during an hour with 
water cooling; absorption was rapid. The ethereal solution was washed with water, dried, 
(Na,SO,), and evaporated to yield a yellow viscous oil. The oil was dissolved in chloroform, 
light petroleum (b. p. 40—60°) was added just to turbidity, and the solution then cooled to 0 
The crystals which separated (52 g.) were recrystallised from chloroform and light petroleum 
(b. p. 40—60°) and then several times from chloroform alone. The m. p. of the bromomalonic 
acid which formed plates was not sharp (49—52°), despite repeated recrystallisation from chloro- 
form, but was finally raised to m. p. 55—60° but the acid was probably not completely homo- 
geneous (Found: Br, 25-0. C,,H,,0,Br requires Br, 25-2%). 

Ethyl 2-Bromo-5-phenoxypentanoate.—The bromomalonic acid (50 g.) was heated at 160— 
170° until gassing had ceased (0-5 hour). As attempts to obtain the free acid crystalline were 
unsuccessful, it was converted into the ethyl ester by boiling ethanol (500 c.c.) and concentrated 
sulphuric acid (2 c.c.) overnight. Ethyl 2-bromo-5-phenoxypentanoate (20 g.) had b. p. 146 
148°/1-0 mm., m. p. 42—44° (from chloroform), 2j) 1-5240 (Found: C, 52-1; H, 5-95; Br, 27-0 
C,,;H,;0O,Br requires C, 51-85; H, 5-7; Br, 26-6%). Pailer and Strohmeyer, Joc. cit., give 
m. p. 40—41 

Ethyl 5-Phenoxypent-2-enoate.—The bromo-ester (14-34 g.) was heated in diethylaniline at 
160—180° for 10 hours. The dark solution was poured into excess of 3N-hydrochloric acid 
and then extracted with ether. After washing with dilute alkali and water, drying (Na,SQ,), 
evaporation, and vacuum-distillation, the ester (5 g.) had b. p. 116—118°/0-5 mm., nj? 
1-5146 (Found: C, 70-7; H, 7-6. C,,H,,O, requires C, 70-9; H, 7-3%). 

Ethyl §-2-Phenoxyethylglutarate.—Ethyl 5-phenoxypent-2-enoate (6-8 g.) in dry ethanol 
(10 c.c.) was added to sodium (0-736 g.) in ethanol (10 c.c.) and ethyl malonate (5-12 g.) at 0°. 
The solution was stored at 0° for 3 days and then poured into water, made acid with dilute 
acetic acid, extracted with ether, and dried (Na,SO,). The residue was distilled, the sub- 
stituted malonate (4-6 g.) being collected at 195—200°/0-4 mm. as a viscous oil. Without 
further purification the tricarboxylic ester (4-6 g.) was hydrolysed for 1 hour with methanolic 
potassium hydroxide (10%) and then poured into water, and the acid was extracted with ether. 
The tricarboxylic acid was not obtained crystalline and was decarboxylated at 160—180° for 
0-5 hour. The resulting glutaric acid was converted into the ethyl ester by boiling ethanol and 
sulphuric acid (5 hours). The ester (1-8 g.) was distilled; it had b. p. 134—136°/0-004 mm., 
ni, 1-4925 (Found: C, 65-7; H, 7-9. C,,H,,O, requires C, 66-2; H, 7-85%). 
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935. The Nature of the Internal Hydrogen Bond. Part I. 
Tautomerism of 1-Arylazo-2-naphthols. 
By A. Burawoy, A. G. SALEM, and A. R. THOMPSON. 

The spectra of 1-phenylazo-2-naphthol and its derivatives in various 
solvents have been examined. The solutions are shown to contain equilibria 
of the phenylhydrazone and azo-tautomers, and the effect of substituents 
and solvents on these equilibria is discussed. Formulation of substances 
containing an internal hydrogen bond as resonance hybrids or by means of 
any other structure based on the valency conception of non-localised bonds 
is excluded—these bonds are of an essentially electrostatic nature. For the 

first time the existence of two molecules of almost identical energy and 
atomic arrangement is unambiguously established. This emphasises the 
highly speculative character of the numerous interpretations of structures 
based on the valency conception of non-localised bonds. 


NUMEROUS investigations have been carried out to elucidate the structure of o-hydroxyazo- 
compounds which may exist as true azo-compounds or as o-quinone phenylhydrazones. 
Burawoy and Markowitsch (Annalen, 1933, 503, 180; 1934, 504, 71; 1933, 509, 60) 
showed that the properties discussed in the earlier literature did not allow unambiguous 
conclusions. However, investigation of the electronic spectra established that ‘‘ 1-phenyl- 
azo-2-naphthol ”’ and ‘‘ 2-phenylazo-l-naphthol ’’ exist in solution as 1 : 2-naphthaquinone 
phenylhydrazones (cf. I). Their spectra are very different from those of the corresponding 
O-methyl ethers (cf. II), whereas the spectrum of (I) is almost identical with that of its 
N-phenyl derivative (III) (cf. also Kuhn and Bir, Annalen, 1935, 516, 143). 

H 

Ph:N ? a 
a n-/ Ys 
WG 
(II) 


The presence of an internal hydrogen bond in o-hydroxyazo-compounds, suggested 
by their low degree of association in organic solvents when compared with ~-hydroxyazo- 
compounds (Auwers and Orton, Z. physikal. Chem., 1896, 21, 355), and their ability to 
form complex salts (Mason, J. Soc. Dyers and Col., 1932, 48, 293), has been established by 
investigatons of their parachors, densities, and surface tensions (Burawoy and Markowitsch- 
Burawoy, J., 1936, 36) and their infra-red spectra (Hendricks, Wulf, Hilbert, and Liddell, 
J. Amer. Chem. Soc., 1936, 58, 1991). 

Sidgwick (Ann. Reports, 1934, 31, 40) suggested that, since they have never been 
observed to exhibit tautomerism, substances containing internal hydrogen bonds should 
be represented as resonance hybrids, 7.e., should contain a non-localised bond. This 
logical application of the conception of resonance among several valence-bond structures 
has been generally accepted. Thus, it has been repeatedly claimed that a distinction 
between the azo- or phenylhydrazone structures of o-hydroxyazo-compounds is not 
justified (Hendricks et al., loc. cit.; Shingu, Sct. Papers Inst. Phys. Chem. Res., Tokyo, 
1938, 35, 78; Fierz-David, Blangey, and Streif, Helv. Chim. Acta, 1946, 29, 1718, where 
other references are given). 

On the other hand, Burawoy and Markowitsch-Burawoy (loc. cit.) pointed out that 
this view cannot be reconciled with the normally small effect of an internal hydrogen bond 
on the ultra-violet and visible spectra, although these are known to be very sensitive to 
changes in the electronic structure of a molecule. Thus, the spectra of salicylaldehyde 
and its methyl ether or 2-phenylazo-l-naphthol (I) and its N-phenyl derivative (III) are 
very similar (cf. also Burawoy and Chamberlain, J., 1952, 2310). Similar conclusions 
have recently been drawn from a comparison of the spectra of porphyrins and tropolones 
with those of their methyl ethers by Corwin and Erdman (J. Amer. Chem. Soc., 1946, 68, 
1885) and by Cook, Gibb, Raphael, and Somerville (J., 1951, 508) respectively. Koch 





4794 Burawoy, Salem, and Thompson : 


(J., 1951, 514) also concluded that the infra-red spectra of tropolones disagreed with the 
interpretation of these substances as resonance hybrids. 

An unambiguous solution of the problem of the nature of the internal hydrogen bond 
would be obtained if tautomers of substances containing such bonds could be shown to 
exist. Burawoy and Chamberlain (J., 1952, 3734) recently found that o-hydroxyazo- 
compounds of the benzene series such as 2-phenylazophenol and 4-phenylazoresorcinol 
exist in solution as true azo-compounds, and that their spectra in various solvents were 
very similar, giving no indication of the presence of equilibria. Simultaneously, we 
observed that 1-f-hydroxyphenylazo-2-naphthol absorbs in ethyl alcohol at much shorter 
wave-lengths (4150 A) than the quinonoid 1-phenylazo-2-naphthol (4750 A), although a 
hydroxyl group as terminal group of an absorbing conjugated system is known to displace 
the absorption band (K-band) to longer wave-lengths; it was obviously present as true 
azo-compound. Recently, Fierz-David, Blangey, and Merian (Helv. Chim. Acta, 1951, 
34, 846) showed this to be the case also for 3-phenylazo-2-naphthol. The recognition that 
the structure of o-hydroxyazo-compounds can vary suggested that a systematic investig- 
ation of suitably chosen derivatives would permit a decision whether equilibria exist or 
not. We have, therefore, extended the earlier limited spectroscopic examinations to 
numerous derivatives of 1-phenylazo-2-naphthol and to various solvents, and have now 
established the existence of tautomeric equilibria in solution, varying considerably with 
the solvent and the nature of substituents in the phenyl group. We shall discuss the 
spectra of these substances in hexane, ethyl alcohol, chloroform, and 50% ethyl alcohol, 
hexane and water being found to contain the highest proportions of the azo- and phenyl- 
hydrazone tautomers respectively. 

The spectrum of 1-phenylazo-2-naphthol in hexane shows an absorption region con- 
sisting of two coalescent bands at about 4200 and 4600 A, whereas in ethyl alcohol, chloro- 
form, and 50% ethyl alcohol the intensity of the former band is reduced and that of the 
latter (appearing now at slightly longer wave-length) increases (Fig. 1). Although a small 
solvent effect could be expected, the absorption curves almost pass through an isosbestic 
point characteristic of equilibria. It may be pointed on* that the effect of solvents on the 
absorption bands of an individual substance consists 01 ight displacements and does not 
involve a fundamental change of general form of a spectrum. This has been already 
shown, ¢.g., for the quinonoid ‘‘ 4-phenylazo-l-anthrano] ’’ (Shingu, Joc. cit.) and for the 
phenolic hydroxyazo-compounds of the benzene series (Kuhn and Bar, doc. cit.; Burawoy 
and Chamberlain, Joc. cit., p. 3734). In the light of the following observations the two bands 
are held to correspond to the azo- and the phenylhydrazone tautomer respectively, the 
former being present in appreciable quantity only in hexane solution. 

The spectra of 1-f-methoxy- (Fig. 2) and 1-f-hydroxy-phenylazo-2-naphthol in the 
four solvents show the other extreme, the phenylhydrazone tautomer being slightly 
preponderant only in dilute alcohol. Obviously, the introduction of the ~-methoxy- or 
p-hydroxy-group has increased considerably the relative stability of the azo-tautomer. 
The spectra also illustrate the negligible effect of solvents on the position of the band of 
the azo-tautomer. 

Burawoy and Chamberlain (/oc. cit., p. 2310) recently showed that two methyl groups 
in the ortho-position to a methoxy-group are responsible for intramolecular steric hindrance 
resulting in appreciable reduction of conjugation between the methoxy-group and the 
aromatic nucleus. We therefore prepared 1-(4-methoxy-3 : 5-dimethylphenylazo)-2- 
naphthol, expecting that the two methyl groups would reduce the effect of the methoxy- 
group and the difference in the stability of the tautomers and that this substance would 
show an intermediate behaviour. Indeed the opposing intensity changes of the two 
bands in the four solvents are more pronounced, and the long-wave band corresponding 
to the phenylhydrazone becomes preponderant already in chloroform solution (Fig. 3). 
The effect of the two methyl groups in absence of steric repulsive interaction is negligible. 
The spectral changes of 1-(4-hydroxy-3 : 5-dimethylphenylazo)-2-naphthol are almost 
identical with those observed for 1-f-hydroxy- and 1-f-methoxy-phenylazo-2-naphthol. 
The equilibrium of 1-m-methoxyphenylazo-2-naphthol, in contrast to its para-isomer, 
is similar to that of its parent substance, whereas 1l-o-methoxyphenylazo-2-naphthol 
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exists in all solvents almost exclusively as phenylhydrazone, its spectra indicating only 
slight variations of the equilibrium (Fig. 4). They also illustrate the negligible effect of 
solvents on the absorption of the phenylhydrazone tautomer, only hexane being responsible 
Fic. 1, Ph. Fic. 2, p-MeO-C,H,. Fic. 3, 4:3:5: 1-MeO-C,H,Me,. Fic. 4, o-MeO-C,H, 
Fic. 5, o-NO,°C,H,. Fic. 6, p-NH,"C,H,. 
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for a moderate displacement to shorter wave-lengths, as could be expected. Comparison 
of the spectra of the discussed substances in the same solvent confirms that the concen- 








tration of the phenylhydrazone tautomer increases in the order 
p-MeO <4-MeO- 3 : 5-Me,<H <m-MeO <o-MeO. 
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The presence of equilibria is also clearly observed for the three isomeric 1-tolylazo-2- 
naphthols and the 1-chlorophenylazo-2-naphthols. The concentration of the phenyl- 
hydrazone tautomers increases in the order of solvents, hexane <ethyl alcohol <chloroform 

50°% ethyl alcohol, and of substituents, -Me<m-Me~H <o-Me and H=p-Cl<m-Cl<o- 
Cl (cf. as examples Figs. 7 and 8 for the spectra in ethyl-alcoholic solution). 

The three 1-nitrophenylazo-2-naphthols exist almost exclusively as phenylhydrazones, 
only the spectra of the meta-derivative giving a possible slight indication of the presence 
of an equilibrium. In spite of the introduction of the strongly polar nitro-group, the 
effect of solvents on the position of the phenylhydrazone band is small. As example, the 
spectra of the o-nitro-derivative are shown in Fig. 5. 

The spectra of 1-f-aminophenylazo-2-naphthol (Fig. 6) are complicated by the appre- 
ciable effect of an amino-group and of solvents on the position and intensity of the absorp- 
tion bands, particularly of that of the azo-tautomer. This is similar to the displacement 
of the K-band of azobenzene (3130 A in hexane) to longer wave-lengths in p-aminoazo- 
benzene (3620 A in hexane) and the appreciable solvent effect on the band of the more 
polar substance (Burawoy, Ber., 1930, 63, 3170; J., 1937, 1865). The observed band, 
undoubtedly, belongs to the azo-tautomer. The presence of an equilibrium is indicated 


Fic. 7. A, Ph. B, p-CgH,Me. Fic. 8. A, Ph. B, p-C,H,Cl. 
C, m-C,H,Me. D, o-C,H,Me. C, m-C,H,Cl. D, o-C,H,Cl. 
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1-Arylazo-2-naphthols in ethyl alcohol. 


by the appreciably lower intensity of this band in dilute alcohol compared with that in 
alcohol and, in particular, by the increasing intensity of an inflexion at about 5300 A 
(belonging to the phenylhydrazone tautomer) in the order hexane<ethy] alcohol <chloro- 
form<50% ethyl alcohol. The concentration of the azo-tautomer is greater than in all 
other investigated 1-phenylazo-2-naphthol derivatives. 

Effect of Substituents on the Equilibria.—A quantitative analysis of the equilibria is 
not possible, since the true maxima and intensities of the bands of the individual tautomers 
are unknown, and the observed data are to a varying degree modified by the overlap of 
the two absorbing systems. This is particularly the case for the absorption band of the 
azo-tautomer situated at shorter wave-lengths and accounts for its generally smaller 
intensity changes. As the intensity of the phenylhydrazone band increases, its short- 
wave slope and secondary absorption overlapping the azo-band reduce the simultaneous 
intensity decrease of the latter. In a few spectra the overlap of the absorption systems is 
responsible for an additional absorption maximum, which is however only apparent. 

However, the values of the ratio ep,/e,, of the molecular extinction coefficients at the 
maxima of the observed two bands (sometimes estimated from broad inflexions) may give 
an approximate measure of the relative changes of the equilibrium caused by solvents 
and substituents. The values for the ethyl-alcoholic solutions of the 1-phenylazo-2- 
naphthol derivatives investigated are listed in the first line of Table 1. -Since the phenyl- 
hydrazone band is less affected by the azo-band, an alternative and more satisfactory 
measure is the ratio of the extinction coefficients of this band in different solvents, the 
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variations decreasing with the increasing relative stability of the phenylhydrazone. The 
second line shows the values of the ratios for ethyl alcohol and 50%, ethyl alcohol. 

The effect of substituents is similar to that known for other equilibria. For comparison, 
the dissociation constants of benzoic acids are listed in Table 1. Acid-strengthening groups 
increase also the phenylhydrazone concentration, as expected. Electron-attracting 


TABLE 1. 
4-HO- 
p-NH, p~-HO p-MeO 3: 5-Me, p-Me : m-Me H 

, €pn/€a,, l-arylazo-2-naphthol 0-17 0-40 0-45 0-46 1-08 1-37 1-31 

—— et mon Re 0-39 0-50 0-50 0-52 0-73 0-77 0-78 

, €pn/€az, 4-arylazo-l-naphthol - - 0-22 - 0-39 0-72 0-63 

, LOA, Ar-COH — 2-9 3°38 4-24 5-35 6-27 
m-MeO p-Cl o-Me m-Cl o0-Cl m-NO, o-MeO p-NO, o-NO, 

, €pn/€az, l-arylazo-2-naphthol 1-41 1-26 1-71 -- - > 2-0 >20 >20 >2-0 
b, — eA EtOH a 0-81 0-82 0-83 0-88 0-89 0-93 0-95 _ 0-99 
, €pn/€az, 4-arylazo-l-naphthol 0-89 0-84 0-23 1-5 0-5 1-9 0-9 >20 >2-0 
, 105K, Ar-CO,H 10-5 12-35 14-8 114-0 32-1 8-06 37-6 671-0 


substituents will increase the positive charge at the C* atoms, which will be responsible 
for a greater stabilisation (accompanied by a change of polarity and shortening) of the 
more strongly polarisable C*-O~ and C*-NH linkages in the benzoate ion (IV) and the 
phenylhydrazone (V) respectively than of the C*-OH and C*-N:N linkages in the benzoic 
acid (VI) and the azo-tautomer (VII) respectively ; both the dissociation constants of the 
benzoic acids and the phenylhydrazone concentrations will thus increase. A more detailed 
analysis would require the consideration of a second factor. The replacement of the 
charged O- atom and the nitrogen atom of the (substituted) amino-group respectively in 
(IV) and (V) by the more strongly electron-attracting OH and N:N groups in (VI) and 
(VII) will increase the positive charge at the carbon atoms of the benzene nucleus, which 
will i both cases result in qualitatively similar stabilisations (changes of polarity and 
shortening) of the attached linkages. This effect is negligible for the C-H linkages, but 
will be greater and variable for the more strongly polarisable linkages C-X involving 
other substituents (cf. Burawoy, “‘ Contribution a l’Etude de la Structure Moléculaire,’ 
Liége, 1947/48, p. 73). 


Following the discovery of the existence of a tautomeric equilibrium in solutions of 
4-phenylazo-l-naphthol by Kuhn and Bar (loc. cit.), Shingu (loc. cit.) examined the spectra 
of numerous derivatives in ethyl alcohol. The values of the ratio epp,/e,, obtained or 
estimated by this author are shown in the third row of Table 1. As expected, the effect 
of substituents is similar in both series. It is, however, noteworthy that in the 4-phenyl- 
azo-l-naphthol series a methyl or chlorine substituent in the o-position decreases the 
phenylhydrazone concentration in ethyl-alcoholic solution, in contrast to the considerable 
increase observed in the 1-phenylazo-2-naphthol series and of the dissociation constants 
of the corresponding benzoic acids. The cause of these and other discrepancies involving 
ortho-substituents will be discussed elsewhere. 

Effect of Solvents on the Equilibrium.—tin Table 2 the intensities of the phenylhydrazone 
and azo-bands (or inflexions) at their approximate maxima 5050 and 4200 A respectively 
and the values of the ratio e4,/ep, for the most sensitive 1-(4-methoxy-3 : 5-dimethyl- 
phenylazo)-2-naphthol in different solvents are listed. Comparison with the equilibrium 
constants Cenoi/Cketo for keto-enol tautomers such as ethyl acetoacetate and acetylacetone 
as determined by Meyer (Ber., 1912, 45, 2843; cf. Table 2), shows that in both series the 
more polar ketonic structures increase in the same order of solvents. It appears that 
they are more strongly polarised and stabilised than the corresponding tautomers, 
approximately in line with the increasing dielectric constant of the solvent. 
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TABLE 2. 
Azo-compound CH,Ac-CO,Et CH,Ac, 
Cenoi Cenot 
Solvent ps agg P Cieto Cketo 
— —_— 0-004 0-24 
20,900 9,300 - 
18,500 10,300 a 
17,900 10,200 . 0-061 
, 16,500 11,300 - 
CHC), 14,000 10,700 . 0-089 
87-5%, EtOH 15,100 12,000 - 
11,000 11,500 
11,600 13,100 . 0-15 
Pyridine 11,100 12,800 — 
C,H, 11,300 13,100 “16 0-22 
A 9,600 13,000 . 
6,900 14,600 2-12 0-9 


Conclusions.—The existence of tautomeric equilibria in the 1-phenylazo-2-naphthol 
series excludes the interpretation of substances containing an internal hydrogen bond as 
“resonance hybrids’’ or any other structure based on the valency conception of non- 
localised bonds. Internal hydrogen bonds are essentially electrostatic, as is already 
generally accepted for intermolecular hydrogen bonds (cf. Davies, Ann. Reports, 1946, 
43,5). This, of course, includes a polarisation of the molecule as, e.g., indicated by arrows 

in (VIII). It is responsible for small displacements to longer wave- 
lengths of the B- and the K-bands of phenolic substances containing 
an internal hydrogen bond, such as salicylaldehyde and o-phenylazo- 
phenol (Morton and Stubbs, J., 1940, 1347; Burawoy and Chamberlain, 
locc. cit.), the hydroxy-groups becoming more electron-repelling than the 
methoxy-groups in the methyl] ethers. 

The results of this investigation have wider implications. They show for the first 
time unambiguously that two molecules can exist which possess identical energies and 
atomic arrangements distinguished by only small changes of the bond-distances (<0-1 A), 
although these conditions are generally accepted to be ideal for delocalisation of orbitals 
resulting in an increased stability. A weakness of this view has always been the inability 
to predict the interaction (resonance integral) of such structures which has been arbitrarily 
assumed always to occur. Our observations remove the justification for such an axiom 
and at least emphasise the highly speculative character of the numerous interpretations 
of structures based on the valency conception of non-localised bonds, which have already 
been shown to be in disagreement with numerous observations and superfluous. All 
constitutive variations of linkages can be accounted for by changes of the effective nuclear 
charges (the screening) of the participating atoms, t.e., to changes of the repulsive inter- 
actions of electrons and nuclei (Burawoy, Trans. Faraday Soc., 1944, 40, 537; Discus. 
Faraday Soc., Hydrocarbons, 1951, 104; Chem. and Ind., 1944, 434; op. cit., p. 73). 


EXPERIMENTAL 

Spectra were determined with a Hilger Uvispek Photoelectric Spectrophotometer. The 
concentrations used varied between 0-00025 and 0-000025m, Beer’s law being valid within 
these limits. Numerous earlier determinations with a Hilger E3 quartz spectrograph fitted 
with a Spekker photometer showed that the spectral region below 3800 A made no contribution 
to the elucidation of the problem under discussion, owing to a considerable overlap of band 
systems. 

1-(4-Hydroxy-, dark purple needles (from aqueous ethyl alcohol), m. p. 209-5° (Found : 
N, 9°65. C,,H,,O,N, requires N, 9-67%), and 1-(4-methoxy-3 : 5-dimethylphenylazo)-2-naphthol, 
dark red leaves (from ethyl alcohol), m. p. 128° (Found: N, 9-25. (C,,H,,0,N, requires N, 
9-15%), are new. 
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936. The Stobbe Condensation with Dimethyl Homophthalate. 
By H. J. E. LOEWENTHAL and R. PAppo. 


cycloHexanone, acetone, benzophenone, and benzaldehyde have been 
condensed with dimethyl homophthalate, in the presence of sodium hydride, 
to give the expected half-esters in excellent yield. This constitutes an 
extension of Stobbe’s reaction of ketones with dialkyl succinates. Cyclisation 
and lactonisation of the half-esters obtained have been investigated. 


In general, condensation of ketones with a reactive methylene group is difficult to 
achieve, probably because of the unfavourable equilibrium towards the aldol which is 
formed primarily. The Stobbe condensation of ketones with alkyl succinates is an 
exception. Recent work (Johnson, McCloskey, and Dunnigan, J. Amer. Chem. Soc., 1950, 
72, 514) has indicated that, in this reaction, the intermediate aldol condensation product 
is stabilised by the formation of a saturated five-membered lactone, which is subsequently 
cleaved, irreversibly, by the alkaline catalyst. 

This type of reaction has been extended to dimethyl $-methylglutaconate (Bischof, 
Jeger, and Ruzicka, Helv. Chim. Acta, 1949, 32, 1920). Here, an unsaturated six- 
membered lactone might be the intermediate, although comparatively little is known about 
the stability of such lactones. 

Homophthalic acid can be regarded as a homologue of glutaconic acid, so the behaviour 
of its dimethyl ester in the Stobbe condensation has been studied. Several examples 
are recorded where derivatives of this acid were condensed with aldehydes. Thus, 
Mueller (Annalen, 1931 491, 251) obtained a 8-lactonic acid (probably VIc) from the sodium 
salt of the enol of homophthalic anhydride and benzaldehyde ; Dieckmann (Ber., 1914, 47, 
1432) prepared a-benzylidenehomophthalic acid after condensation of the same aldehyde 
with diethyl homophthalate. By condensing dimethyl homophthalate with a number of 
ketones, using sodium hydride as catalyst as suggested by Daub and Johnson (J. Amer. 
Chem. Soc., 1948, 70, 418), we have obtained the expected half-esters in excellent yield. 
With cyclohexanone and acetone no Claisen condensation occurred « to the carbonyl group. 

An oily mixture of half-esters (Ia and IIa) was obtained from cyclohexanone and was 
hydrolysed to a mixture of the corresponding diacids (1d and 11d). Owing to greater ease 
of anhydride formation, (IIb) could be separated, to some extent, from the higher-melting 
(Id) in which the position of the double bond was confirmed by oxidation to cyclohexanone. 
These products behave similarly to those obtained by Johnson, Davis, Hunt, and Stork 
(ibid., p. 3021) from cyclohexanone and diethyl succinate. 


O,R 
as 
| { 

N CO,R’ 
(la; R = Me, R’ = H) (IIa; R = Me, R’ = H) (IIIa; R = CO,Me, R’ = Ac) (IVa; R = Me) 
(Ib; R= R’=H) (IIb; R = R’=H) (IIIb; R= R’ =H) (IVb; R =H) 
(Ic: R R’ = Me) (IIc; R= R’ = Me) 

Cyclisation of the mixture of (Ia) and (IIa) with acetic anhydride and acetic acid 
containing a trace of fused zinc chloride (Fieser and Hershberg, ibid., 1937, 59, 
1028) led to methyl 10-acetoxy-1 : 2:3: 4-tetrahydroanthracene-9-carboxylate (IIIa). 
Alkaline hydrolysis of this, rather surprisingly, left the carbomethoxy-group unaffected. 
On the other hand, when the resulting phenolic ester was hydrolysed by acid, the carbo- 
methoxy-group was eliminated, giving 1 : 2 : 3 : 4-tetrahydroanthranol (IIIb), presumably 
identical with the product obtained by von Braun and Bayer (Ber., 1925, 58, 2667) by 
catalytic reduction of anthraquinone or anthrone. 

Refluxing the mixture of (Ia) and (Ila) with acetic anhydride, acetic acid, and sodium 
acetate yielded the lactonic methyl ester (IVa), which may be the postulated intermediate 
product in the Stobbe condensation, as it was cleaved to the half-ester (Ia) by cold 
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alcoholic alkali. The parent lactonic acid (IV) resulted from treatment of the half-ester 
mixture with boiling hydrobromic acid in acetic acid (cf. Johnson, Davis, et al., loc. cit.). 

Dehydrogenation of the diester mixture (Ic) and (IIc), which was obtained by 
esterification of the diacids (16) and (11d), led ultimately to o-benzylbenzoic acid and thence 
to anthrone. So the condensation of alicyclic or hydroaromatic ketones with esters of 
homophthalic acid might be utilised in a new general synthesis of anthracene derivatives. 

Dimethyl homophthalate and acetone gave a crystalline, homogeneous, half-ester (Va). 
Its formulation as an tsopropylidene derivative was assured by the fact that the diacid 
(Vc), obtained by hydrolysis, gave acetone on oxidation. Its reaction with acetic 
anhydride, in the presence of sodium acetate, again gave a lactonic ester (VIa), and with 
zinc chloride as catalyst 3-methyl-l-naphthol was formed in small yield. Under the latter 
conditions, intramolecular ester exchange, leading to the isomeric half-ester (Vb), appeared 
to be the main reaction. (A comprehensive discussion of this phenonomenon is given by 
Johnson and Goldmann, J. Amer. Chem. Soc., 1945, 67, 430.) The lactonic acid (VIO), 
which was obtained from (Va) by treatment with hydrobromic and acetic acids, is possibly 
identical with the acid obtained by Courtot (Compt. rend., 1915, 160, 534) by oxidation of 
2-1’-indenylpropan-2-ol. 
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In contrast to the previous half-esters, that (VII) obtained from benzophenone was 
decarboxylated under strongly acidic conditions, to a mixture of the lactone (VIII) and the 
unsaturated acid (IX). No lactonic ester or lactonic acid could be obtained, but with 
zinc chloride as catalyst the indenone derivative (X) was formed in good yield. 

The resistance, towards cyclisation, of the half-ester (XI) from benzaldehyde appeared 
to indicate that here the phenyl group is trans to the aliphatic carbomethoxy-group. 
Strong acids produced the lactonic acid (VIc) from this ester. In Mueller’s preparation 
(loc. cit.) of this acid from the sodium salt of the enolate of homophthalic anhydride with 
benzaldehyde, cleavage was probably avoided. The half-ester (XI) was also formed when 
dimethyl homophthalate was condensed with benzaldehyde in absolute methanol, in the 
presence of sodium methoxide, according to Dieckmann (loc cit.), who mentioned an “ ester 
salt ’’ as the intermediate product, but did not isolate the highly crystalline half-ester. 
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The assignment of an unsaturated six-membered ring structure to the lactonic products 
obtained in these reactions, to the exclusion of the alternative phthalide (five-membered 
ring) structure, is supported by their infra-red absorption spectra. These show the carbonyl 
band at 1725 cm.-! (in CHCl), in good agreement with the value 1720 cm.*! found by 
Grove and Willis (/., 1951, 878) for aromatic esters, and with the values quoted by them 
(loc. cit.) for six-membered lactones. Aromatic lactones of the phthalide type, according 
to these authors, should show a band at 1750 cm.-!. The lactone esters (IVa) and (VIa) 
show only one, unusually broad, carbonyl band, with a peak at 1710 cm.~!, which may 
arise from superposition of the carbonyl and the ester band. The ester band, which is 
normally situated at about 1740 cm.~! (loc. cit.), might be expected to shift towards smaller 
wave-numbers, under the influence of the phenyl group (for an analogous effect in ethyl 
diphenylacetate, see Rasmussen and Brattain, J]. Amer. Chem. Soc., 1949, 71, 1073). 





Dimethyl Homophthalate. 


EXPERIMENTAL 
M. p.s are uncorrected. Some analyses are by Drs. Weiler and Strauss, Oxford. 

Homophthalic Acid.—This was prepared according to Org. Synth., 29, 43. Esterification, 
according to Clinton and Laskovsky’s method (J. Amer. Chem. Soc., 1948, 70, 3136), with 
methanol, sulphuric acid, and ethylene dichloride gave some o-carbomethoxymethylbenzoic 
acid, m. p. 100—101° (Fieser and Pechet, J. Amer. Chem. Soc., 1946, 68, 2578, give m. p. 96— 
97°). The dimethyl ester had b. p. 126—130°/1 mm., m. p. 46—47° (Wegscheider and Glogau, 
Monatsh., 1903, 24, 938, give m. p. 39—42°). 

General Procedure for the Stobbe Reaction.—The dimethyl] ester (15-5 g.), ketone or aldehyde 
(0-05 mole), and sodium hydride (1-80 g., 0-075 mole) in dry benzene (50—80 c.c.) were stirred 
at room temperature under nitrogen, with occasional cooling to prevent a rise of temperature 
above 40°. At the end of the reaction the orange or brown solution, or suspension, was 
cautiously and slightly acidified with acetic acid, and water was added. The organic layer was 
extracted with several portions of sodium carbonate solution (5%), and the alkaline extracts 
were extracted with ether. Acidification of the former precipitated the half-ester. From the 
neutral portions practically all the excess of dimethyl homophthalate was recovered by 
distillation. 

(A) Reaction with cycloHexanone.—The reaction was complete in 3 hours. The oily mixture 
of half-esters (Ia) and (Ila) was taken up in benzene, and the solvent was removed in vacuo. 
The remaining oil (Found: neutralisation equiv., 276. Calc. for C,gH,,O,: equiv., 274-3) 
weighed 15-5 g. 

The oil (1-5 g.) was treated on the steam-bath with 2N-sodium hydroxide (15 c.c.) for 1 hour. 
Acidification gave a mixture (1-2 g.) of the diacids (Ib) and (IIb), melting at 161—166°. Four 
recrystallisations from dilute acetic acid gave a-cyclohexylidenehomophthalic acid (Ib), m. p. 
183—184° (decomp.) (Found: C, 69-1; H, 6-1. C,,;H,,O, requires C, 69-2; H, 62%). 

The mother liquors were concentrated to small bulk and diluted with water. The material 
precipitated (0-40 g.) was dried, finely powdered, and treated at room temperature with acetyl 
chloride (20 c.c.) for 0-5 hour. The excess of reagent was distilled off and the remaining oil 
taken up in ether. The ethereal extract was extracted several times with saturated sodium 
hydrogen carbonate solution, the ether removed, and the oil hydrolysed on the steam-bath 
with saturated sodium hydrogen carbonate solution (20c.c.) for 4 hours. The resulting solution 
was filtered and acidified, to give crude «-cyclohexvenylhomophthalic acid (IIb), m. p. 139—145°. 
Crystallisation from an insufficient amount of benzene—heptane (2: 1) gave needles, m. p. 141— 
143° (Found : C, 69-4; H, 6-8%). This could not be freed completely from the higher-melting 
isomer. 

The diacid (Ib) (0-30 g.) in water (15 c.c.) containing sodium carbonate (0-25 g.) was treated 
at 0° with potassium permanganate (0-40 g.) in water (20c.c.). After 1 hour at room temperature, 
the mixture was distilled into a solution of 2: 4-dinitrophenylhydrazine in hydrochloric acid. 
The precipitated cyclohexanone 2: 4-dinitrophenylhydrazone (0-16 g.) had m. p. 161—162°, 
unchanged by admixture with an authentic sample of m. p. 162°. 

Cyclisation of the half-esters. The crude oily mixture (2-0 g.) was refluxed for 2 hours with 
acetic anhydride (12 c.c.) and acetic acid (12 c.c.) containing fused zinc chloride (0-1 g.). The 
mixture was cautiously decomposed with an excess of water, and the oil, which separated, was 
taken up in ether. The extract was washed with dilute sodium carbonate solution and dried 
(MgSO,), and the ether removed. The residue (1-5 g.), crystallised from methanol and then 
from heptane, gave methyl 10-acetoxy-1: 2:3: 4-tetrahydroanthracene-9-carboxylate (I1la) 
(1-0 g.).. Further recrystallisation from methanol gave colourless needles, m. p. 138° (Found : 
C, 72-4; H, 6-1. C,,H,,O, requires C, 72-4; H, 6-2%). The combined mother-liquors were 
evaporated to small bulk and refluxed with sodium hydroxide solution (12%; 20 c.c.) for 
2 hours, under nitrogen. The residue was filtered, and the filtrate saturated with carbon 
dioxide. The precipitate was filtered off and recrystallised from benzene-heptane, to give 
methyl. 10-hydroxy-1 : 2: 3: 4-tetrahydroanthracene-9-carboxylate (IIIb) (0-3 g.), leaflets, m. p. 
165° (from dilute ethanol) (Found: C, 74-4; H, 6-25. (C,,H,,O, requires C, 74-8; H, 63%). 

This phenol (0-3 g.) was refluxed with acetic anhydride (3 c.c.) in the presence of sodium 
acetate, giving the acetyl derivative (IIIa), m. p. 134—136°, mixed m. p. 135—136”. 

1: 2:3: 4-Tetrahydro-10-anthranol. The ester (IIIb) (0-05 g.) was refluxed for 6 hours with 
hydrochloric acid (1 c.c.) and acetic acid (3 c.c.) under nitrogen. Upon cooling, the oil which 
separated crystallised. Recrystallisation from hexane gave prisms of this phenol (IIIc), m. p. 
110—111°, which slowly darkened in air. Von Braun and Bayer (loc. cit.) give m. p. 109° 
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(Found: C, 84:7; H, 7-2. Cale. for C,gH,O: C, 84-8; H, 7-15%). The acetate obtained 
from this by acetic anhydride—sodium acetate, crystallised from hexane in needles, m. p. 111 
(the mixed m. p. with (IIIb) was much lower) (von Braun and Bayer, Joc. cit., give m. p. 108°) 
(Found: C, 80-1; H, 7-0. Calc. for C,,H,,0,: C, 79:8; H, 6-75%). 

Lactonisation of the half-esters. (a) The oily mixture (4-70 g.) was refluxed for 12 hours with 
hydrobromic acid, acetic acid, and water (6: 4:2 by vol.; 55 c.c.) (cf. Johnson and Heinz, 
J. Amer. Chem. Soc., 1949, 71, 2913). Most of the solvents were distilled off in vacuo, and the 
remaining oil was taken up in ether. The extract was treated with charcoal and 
filtered, and the ether removed. The residue was treated with hot benzene (40 c.c.), where- 
upon cyclohexanespiro-3-(3 : 4-dihydroisocoumarin-4-carboxylic acid) (IVb) (2-0 g.) separated. 
Recrystallisation from ethyl acetate—heptane gave needles, m. p. 183—184° (Found: C, 69-4; 
H, 6-2. Calc. for C,;H,,0O,: C, 69-2; H, 62°). A mixture of this with the diacid (Ib) melted 
at 165—175°. However, the infra-red spectrum of (IVb) revealed the presence of (Ib) bands at 
1726 cm.-! (due to six-membered lactone), and at 1628 cm.-! (due to aromatic, or «8-unsaturated, 
carboxyl group), in paraffin oil suspension. 

(b) The half-ester mixture (2-75 g.) was refluxed for 4-5 hours with acetic anhydride (20 c.c.), 
acetic acid (10 c.c.), and fused sodium acetate (1-0 g.) and worked up as for (IIIa). The neutral 
portion crystallised from hexane, giving the methyl ester (IVa), m. p. 104—106° (1-7 g.), of the 
above lactonic acid. Further recrystallisation from the same solvent gave needles, m. p. 108— 
109° (Found: C, 69-8; H, 6-6. C,,H,,O, requires C, 70-0; H, 6-6%). 

This ester was also obtained from the acid (IVb), by diazomethane in ether, with m. p. and 
mixed m. p. 107—108 Esterification of (1b) in the same way gave an oil. 

To the ester (IVa) (1-4 g.) in ice-cold ethanol (8 c.c.) ethanolic potassium hydroxide (10% ; 
5 c.c.) was added. Dilution with ice-water (25 c.c.) gave a clear solution, which was acidified 
with acetic acid. The oil which separated crystallised on trituration (1-20 g.). Crystallised 
from hexane, it gave needles of methyl «-0-carboxyphenyl-«-cyclohexylideneacetate (la), m. p. 114— 
115° (Found: C, 70:3; H, 6-8. C,,.H,,0O, requires C, 70-0; H, 66%). Hydrolysis of this 
gave the diacid (Ib), m. p. and mixed m. p. 182—-183° (decomp.). 

Esterification of the half-esters. The oily mixture (7-0 g.) was esterified with methanol, 
according to Clinton and Laskovsky (loc. cit.). Some of the half-ester (1-5 g.) was recovered. 
The neutral portion was distilled in vacuo (130—150°/0-01 mm.), to give an oily mixture of the 
dimethy] esters (Ic) and (IIc) (5-5 g.) (Found: C, 71-0; H, 7-0. Calc. for C,H O,: C, 70-8; 
H, 7-0%). 

Dehydrogenation and cyclisation to anthrone. The above mixture of diesters (7-0 g.) was 
heated with palladium-carbon (10%; 1-5 g.) for 10 hours at 250—320° under carbon dioxide. 
The product was taken up in methanol, filtered from the catalyst, and freed from the solvent. 
The residue was hydrolysed under reflux with sodium hydroxide solution (12%; 60 c.c.), for 
2-5 hours. Acidification gave o-benzylbenzoic acid (3-1 g.), which when recrystallised from 
hexane (charcoal) had m. p. 116—117° undepressed on admixture with an authentic specimen. 
The crude acid (2-0 g.) was cyclised with sulphuric acid at room temperature to anthrone (1-3 g.), 
m. p. and mixed m. p. 156—157°. 

(B) Reaction with Acetone.—Stirring was continued for 3-5 hours. Methyl o-carboxyphenyl-3- 
methylbut-2-enoate (Va) (yield 88%), formed needles, m. p. 141°, from benzene—heptane 
(Found: C, 66-5; H, 6-1. C,,H,,O, requires C, 66-7; H, 6-0%). 

Hydrolysis of this with 2N-alkali gave the diacid (Vc), needles (from dilute acetic acid), m. p. 
198—200° (decomp.) (Found: C, 65-7; H, 5-7. C,,H,,O, requires C, 65-5; H, 55%). 
Oxidation, as for (1b), led to acetone 2 : 4-dinitrophenylhydrazone, m. p. 126—127°, or mixed 
with an authentic specimen 127—127-5°. 

The diacid (2-0 g.) was refluxed for 3 hours with acetyl chloride (60 c.c.). The excess of 
reagent was removed in vacuo, and the residue, crystallised from heptane, gave yellowish prisms 
of a-isopropylidenehomophthalic anhydride, m. p. 136° (1-85 g.) (Found: C, 71-4; H, 5-5. 
C,H yO, requires C, 71-3; H, 5-0%). 

The anhydride (1-0 g.) was refluxed for 5 hours with absolute methanol (10c.c.). Excess of 
alcohol was distilled off, the oily residue taken up in ether, and the extract was washed with 
sodium carbonate solution (5%; 3 x 10 c.c.). Each extract was acidified to pH 5 by 
dropwise addition of acetic acid. This precipitated o-carbomethoxyphenyl-3-methylbut-2-enoic 
acid (Vb) (0-6 g.), which formed needles, m. p. 124°, from aqueous ethanol (Found: C, 66-8; 
H, 6-2. C,,H,,O, requires C, 66-7; H, 60%). The filtrates were acidified further to pH 3, 
whereupon the previous half-ester (Va) separated (0-2 g.); after one crystallisation from 
heptane this had m. p. and mixed m. p. 140—141°. 
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Cyclisation. The ester (Va) (4-0 g.) was refluxed with acetic anhydride (30 c.c.) and a 
5% solution of fused zinc chloride in acetic acid (5 c.c.) for 12 hours. Working up as usual gave 
an oil, which was extracted in ethereal] solution with sodium carbonate solution (5%). The 
alkaline extracts were acidified, yielding a mixture (1-15 g.) of the half-esters (Va and b). These 
were separated as described for (Vb). The neutral residue, after evaporation of the ether, was 
refluxed for 2 hours with sodium hydroxide solution (15%; 12 c.c.) under nitrogen. The 
solution was filtered and the filtrate saturated with carbon dioxide. The precipitated solid was 
collected, dried, and recrystallised from hexane, to give yellowish needles of 3-methy!-1-naphthol, 
m. p. 94—-96° (0-3 g.). An authentic specimen, m. p. 92—-93° (prepared according to Cope 
etal., J. Amer. Chem. Soc., 1941, 68, 3455), gave a mixed m. p. 92—94°. The alkaline filtrate, on 
further acidification, gave the diacid (Vc), m. p. and mixed m. p. 195—200° (decomp.) (1-15 g.). 

Lactonisation. (a) (Va) (3-0 g.) was refluxed for 10 hours, with the acid mixture (36 c.c.) 
used for preparation of (IVb). The solvents were removed in vacuo, leaving 3 : 4-dihydro-3 : 3- 
dimethylisocoumarin-4-carboxylic acid (VIb) (2-50 g.), which crystallised from very dilute 
methanol as leaflets, m. p. 212° (decomp.) (Found: C, 65-4; H, 5:5. C,,H,,O, requires C, 
65-5; H, 55%). The mixed m. p. with (Vc) was 200—205°. Courtot (loc. cit.) gives m. p. 225°. 

As for (IVa), the infra-red absorption: of this lactonic acid indicated the presence of the 
diacid (Vc), there being bands at 1726 cm.-! (due to a six-membered lactone), at 1708 cm.-! 
(due to aliphatic carboxyl), and at 1686 cm.-! (due to aromatic, or «$-unsaturated, carboxyl), in 
paraffin oil suspension. 

(b) The half-ester (Vb) (1-5 g.) was treated with acetic anhydride—acetic acid—sodium acetate, 
as in the preparation of (IVa). The neutral product (1-0 g.) crystallised on trituration with 
hexane and on recrystallisation therefrom gave needles of methyl 3 : 4-dihydro-3 : 3-dimethyl- 
isocoumarin-4-carboxylate (VIa), m. p. 115—116° (Found: C, 66-9; H, 6-2. C,,H,,O, requires 
C, 66-7; H, 6-0%). This was also obtained by treatment of the lactonic acid (VIb) with 
diazomethane in ether; it then had m. p. and mixed m. p. 115—116°. 

Fission of the lactone ring, as described for (Ia), yielded the half-ester (Va), m. p. and mixed 
m. p. 140—141°. 

(C) Reaction with Benzophenone.—Stirring was continued overnight. The sodium salt of 
the half-ester separated as an oil, which gradually crystallised. Acidification gave methyl 
a-o-carboxyphenyl-B8-diphenylacrylate (VII), m. p. 201—202° (79%), crystallising from dilute 
acetic acid as needles, m. p. 202—203-5° (Found : C, 77-2; H, 5-0. C,,H,,O, requires C, 77-05; 
H, 5-1%). 

Hydrolysis with 2n-alkali gave the diacid, freely soluble in dilute alkali, and forming 
yellowish needles, m. p. 206—208° (decomp.), from dilute acetic acid (Found: C, 76-7; H, 
4-9. C,.H,,O, requires C, 76-7; H, 4:7%). 

Cyclisation. The foregoing ester (1-0 g.) was refluxed for 8 hours with acetic anhydride 
(8 c.c.) and a 5% solution (1-5 c.c.) of zinc chloride in acetic acid. A deep red colour developed 
within 10 minutes. The neutral residue, obtained as usual, crystallised from methanol, to give 
2-0-carbomethoxyphenyl-3-phenylindenone (X) as orange needles, m. p. 150° (0-82 g.). Further 
recrystallisation from ethanol raised the m. p. to 150-5° (Found: C, 81-4; H, 4:9. C,,H,,.0, 
requires C, 81-2; H, 4-75%). Its orange-red 2 : 4-dinitrophenvlhydrazone, needles, m. p. 206— 
208°, was purified by chromatography from chloroform and crystallisation from chloroform- 
ethanol (Found: N, 10-9. C,,H,O,N, requires N, 10-8%). 

Decarboxylation. The half-ester (VII) (5-0 g.) was refluxed for 30 hours, with the acid 
mixture (100 c.c.) used for the preparation of (IVb). The solvents were removed in vacuo, and 
the remaining oily solid was digested with 10% sodium carbonate solution (40 c.c.). The 
remaining solid was filtered off and recrystallised from dilute methanol. 3: 4-Dihydro-3 : 3- 
diphenylisocoumarin (VIII) (2-45 g.) crystallised from dilute ethanol as needles, m. p. 148— 
149°, which dissolved with difficulty in hot aqueous alkali (Found: C, 83-5; H, 5-3. C,,H,,.O, 
requires C, 84:0; H, 54%). Acidification of the alkaline filtrate and recrystallisation from 
dilute acetic acid gave 2-0-carboxyphenyl-1 : 1-diphenylethylene (IX) as leaflets, m. p. 169° 
(Found: C, 83-5; H, 5:3. C,,H,,O, requires C, 84-0; H, 5-4%). 

The lactone (VIII) (1-0 g.) was refluxed for 3 hours with iodine (0-5 g.) and red phosphorus 
(0-5 g.) in propionic acid (5 c.c.) containing a trace of water. The hot mixture was filtered, and 
the filtrate poured into sodium hydrogen sulphite solution (10%). This precipitated 0-2 : 2-di- 
phenylethylbenzoic acid, which gave needles, m. p. 152—152-5°, from benzene—heptane (Found : 
C, 83-5; H, 6-1. C,,H,,0O, requires C, 83-4; H, 6-0%). The same acid was obtained by 
hydrogenation of the unsaturated acid (IX) in ethanol in the presence of Adams’s catalyst. 

(D) Reaction with Benzaldehyde.—The reaction was practically complete after a few minutes 
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Methyl «-o-carboxyphenvicinnamate (XI) (13-0 g.) crystallised from benzene—heptane as needles, 
m. p. 153—153-5° (Found: C, 72-5; H, 5-0. C,,H,,O, requires C, 72-3; H, 5-0%). 

The same half-ester was obtained in 71% vield by reaction of dimethyl homophthalate with 
benzaldehyde in absolute methanol containing sodium methoxide, according to Dieckmann 
(loc. cit.). When this reaction was carried out in absolute ethanol containing sodium ethoxide, 
ester exchange led to the corresponding ethyl half-ester (56%), needles, m. p. 172—173°, from 
ethanol (Found: C, 72-5; H, 5-4. C,,H,,O, requires C, 73-0; H, 5-4%). 

Both the above half-esters, with 2N-alkali at 100°, gave «-benzvlidenehomophthalic acid as 
needles (from dilute acetic acid), m. p. 199—200° (decomp.), unchanged on further recrystallis- 
ation (Dieckmann, /oc. cit., gives m. p. 210°) 

With acetic anhydride this diacid gave «-benzvlidenehomophthalic anhydride, yellow needles 
(from heptane), m. p. 133—135° (Dieckmann gives m. p. 135°). When this anhydride was 
refluxed for 5 hours with absolute methanol, an oily mixture of half-esters was formed, from 
which only (XI) was isolated pure by repeated recrystallisation. 

Lactonisation. The half-ester (XI) (4-0 g.) was refluxed for 12 hours with the acid mixture 
(40 c.c.) used for preparation of (IVb). Working up as usual gave 3: 4-dihydro-3-phenyliso- 
coumarin-4-carboxylic acid (VIc) (2-8 g.). Several recrystallisations from dilute acetic acid gave 
needles, m. p. 186—187° (MueHer, Joc. cit., gives m. p. 185—186°) (Found: C, 71-7; H, 47. 
Cale. for C,,H,,O,: C, 71-6; H, 4:5%). The methyl ester (prepared by ethereal diazo- 
methane) formed needles (from methanol and from heptane), m. p. 134—136° (Mueller, Joc. 
cit., gives m. p. 137—138°). 

Treatment of (XI) with acetic anhydride—acetic acid—zine chloride, as for (Ia) and (IIa), 
gave an oily mixture of starting material and of the isomeric half-ester, but only the former 
could be isolated pure. 


We are indebted to Dr. S. Pinchas, of this Institute, for the infra-red absorption spectra. 
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937. The Separation of the Lanthanons with the Aid of Ethylenediamine- 
tetra-acetic Acid (“ Enta Acid’’). Part IV.* Sodiwm Lanthanon 
Sulphate Precipitation from Sodium Lanthanon Enta Solution. 


By J. K. MARsuH. 


Comparison of precipitation of sodium lanthanon sulphate from ordinary 
cationic lanthanon solutions, and from solutions of, mainly, sodium lanthanon 
enta but containing also some cationic lanthanon shows much sharper segrega- 
tion of individual elements in the case of the enta solutions. The selective 
action of double sodium sulphate precipitation is augmented by a selective 
rejection from the enta complex of the more strongly basic elements. Least 
advantage is gained for the triad dysprosium, holmium, and yttrium, the 
exact position of the last depending upon experimental conditions. 

A salt 4Na[Lnenta]},H,enta,24H,O reported in Part III* is in fact 
Na[Ln enta],6H,O. 


LITTLE is known of the lanthanon salts of ethylenediaminetetra-acetic acid, but members 
of three series have been described: (a) LnH enta (Ln = La or Nd; Brintzinger et al., 
Z. anorg. Chem., 1943, 252, 285); (b) Ln,enta, (Ln = Y; idem, ibid., 1948, 256, 641) ; 
(c) Na{Ln enta] (Ln Nd; Moeller and Brantley, J. Amer. Chem. Soc., 1950, 72, 5447). 
The salts of (a) and (8) are described as simple, but coloured salts of type (6) give absorption 
bands having the characteristic sharpening associated with complex salts. The salts of 
type (c) are very stable, and complex stability increases with decreasing lanthanon basicity. 
Use of the varying stability of the complex lanthanon enta salts in order to augment the 
separational effect of sodium lanthanon sulphate precipitation is now described. The 
complex salt involved in the series from lanthanum to holmium is of type (c), but from 
erbium to lutetium its nature is not determined. 
* Part III, J., 1951, 3057 
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Five different concentrations of lanthanons covering the whole range of elements were 
examined for efficiency of separation by double sodium sulphate precipitation in presence 
of a large proportion of the complex sodium lanthanon enta salt. Since the complex 
portion of the lanthanons is not precipitable from a reaction mixture of simple and complex 
salts, only a partial precipitation can be effected in the double sulphate process. Hence, 
when the reaction stops it can be restarted by supplying more simple salt, or decomposing 
some complex lanthanon salt by acidification. Both methods are useful in practice, the 
former at early stages and the latter towards the end of a precipitation operation; 
alternatively, Beck’s exchange method may be applied (Mikrochem. Acta, 1948, 33, 344), 
another metal giving more stable complexes than the lanthanons being added to wrest the 
complexing agent from them. Beck used copper sulphate to break down lanthanon 
nitrilotriacetates in a fractional oxalate precipitation. It can be used similarly to promote 
double sulphate precipitation with enta solutions, since a soluble sodium copper enta salt 
and lanthanon sulphate are formed. In this work the sodium lanthanon enta salt has 
usually been allowed to crystallise out when reasonable quantities of sodium sulphate no 
longer give much more double sulphate precipitate. A portion was then collected and 
treated with excess of hydrochloric acid, yielding enta acid and lanthanon chloride. The 
latter was then returned to the warm reaction mixture, and another crop of double sulphate 
formed by further heating. When after several repetitions no more enta salt crystallised, 
only elements giving easily soluble double sodium sulphates remained in solution. 
These elements do not form insoluble acid enta salts, LnH enta, like the cerium-group 
elements, so treatment of the solution with mineral acid now yields enta acid, after removal 
of which double sulphate can again be cropped. 

The concentrates examined were (1) a cerium-group mixture similar to that found in 
monazite after removal of most of the cerium (Fig. 1); (2) a samarium and gadolinium 
concentrate (Figs. 2 and 4); (3) a gadolinium and dysprosium concentrate with some 
yttrium (Fig. 3); (4) a dysprosium and yttrium concentrate (Fig. 5); (5) a concentrate of 
yttrium- and ytterbium-group elements (Fig. 6). Except with the first mixture parallel 
precipitations for the purpose of comparison were made in each instance by classical pro- 
cedure on chloride solutions; but since here with the cerium group it is well known that the 
operation is separationally ineffective, it was omitted. Each concentrate was precipitated 
in 5—10 fractions as sodium lanthanon sulphate and these were individually converted 
into oxide and then analysed as far as possible spectrophotometrically in chloride solution. 
Compositions of precipitates change continuously from start to finish, but each fraction 
taken covers a certain percentage range. Thus if the first fraction consists of 14% of the 
whole, its composition is represented at its mid-point in the figures, 7.e., 7° on the hori- 
zontal scale. The proportion of individual oxides as determined in each oxide fraction is 
plotted vertically. 

Fig. | shows the effect of fractionation on mainly sodium lanthanon enta in the cerium 
group. Neodymium rises from a concentration of 5% at initiation of precipitation to 
64°, on the oxide basis at the stage of 85°, precipitation and then falls to 50% at the 
finish. Praseodymium is seen to rise and fall comparatively little as it occupies a central 
position between lanthanum and neodymium, the two main constituents of the mixture, 
but the Nd/Pr ratio changes significantly. Samarium is concentrated in the last 30% of 
the precipitate. The two colourless earths are determined by difference, lanthanum 
concentrating at the head and gadolinium at the tail. Hence, we may conclude that the 
initial precipitate is about 92% lanthanum. The colourless constituents, after falling to a 
minimum at 85% precipitation, rise again at the tail as gadolinium collects here. Since it 
collects even more effectively than samarium we can conclude that there is very little except 
in the last 15° of precipitate. As already stated, classical procedure would show very 
little segregation of the earths, except gadolinium at the tail. 

Figs. 2 and 4 show effects of precipitating a cerium-group mixture having an enrichment 
of samarium and gadolinium, and perhaps some yttrium present. Good segregation of 
gadolinium is seen in Fig. 2 to have been brought about even by classical procedure, but 
the separation of the other constituents is slight compared with that achieved by use of 
complexing agents and represented in Fig. 4. The case of samarium is perhaps the most 
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striking. The last 10% of precipitate, mainly gadolinium, being neglected, samarium 
varies only between 19 and 27% in Fig. 2, but between 3 and 40% in Fig. 4. Two or three 


Fics. 1, 3, 5, and 5a. Fics. 2, 4, 6, and 6a. 
Fractionation effect of double sodium—lanthanon sulphate precipitation from sodium lanthanon enta 
(Ln symbol only), or LnCl, solutions. 
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30 50 70 
Stage of precipitation, oxide bas/s, %s 
Ipproximate proportions of oxides present in the materials fractionated 
I 1, La 42, Pr 7, Nd 44, Sm 3, Gd 4? %. 
k 2 and 4. Pr 7, Nd 44, Sm 22, La + Gd (by diff.) 27% 
Fig. 3, Gd + Tb 55?, Dy 22, Y 13? %. 
I 5, Dy 19, Ho 3, Er 6, Yb 2, Gd + Y (by diff.) 70%. 
I 6, Dy 3, Ho 3, Er 8, Tm 1-5, Yb 8, Y + Lu (by diff.) 76-5%. 


applications of this new double sulphate procedure should enable a very rapid concentration 
of samarium to be obtained from monazite earths and prove a useful alternative to double 
magnesium nitrate fractionation for the isolation of crude samarium. 
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Fig. 3 shows the initial concentration of dysprosium in gadolinium to be about one- 
quarter as great when enta solution is used as when chloride is used, in the case of the 
particular mixture of earths studied. This contained about 22% of dysprosium and 55% 
of gadolinium and terbium, so that a ratio of 1 : 2-5 fell to 1 : 4 in chloride solution and 
1 : 16 in enta solution. Holmium and erbium were scarce in the mixture, the precipitation 
of which is represented in Fig. 3, but it is evident that they have been eliminated more 
effectively by the use of enta. Their concentrations have been multiplied here 5-fold for 
clarity in plotting. 

Figs. 5 and 6 show holmium concentrating slightly in the tail of a holmium—yttrium 
mixture, but very little separation is shown when chloride solution is used. By use of the 
sodium lanthanon enta salt solution the separation of yttrium and erbium is rendered 
much easier than heretofore. Indeed, all the elements precipitating subsequently to 
yttrium are found to undergo good segregation. Fig. 6 shows ytterbium absent from early 
fractions but increasing to 50°, at the tail in the enta series on precipitating a crude yttrium 
material with an initial 8° of ytterbium. After allowance for the presence of at least 10°%, 
of lutetium + thulium, the yttrium content cannot be more than 40% at the tail. The 
Y/Er ratio is then about 2 compared with 20 in the first fractions. The ratio remains 
around 10 throughout the chloride series. In subsequent larger-scale work considerable 
improvement even on the foregoing was found (Table 2). In the Fig. 5 series the Y/Er 
ratio varied between 2-3 and 33 when enta was used, 1.¢., 14-fold, compared with a 2-fold 
variation when chlorides were used. Thulium is not shown in Fig. 6. Estimates were 
rather erratic, but showed that, as was to be expected, it accumulated between erbium and 
ytterbium. This is confirmed in Table 2. Figs. 5a and 6a, drawn to double vertical 
scale between 0 and 10%, make the behaviour of some of the scarcer elements of the Figs. 
5 and 6 series clearer. 


TABLE 1. Course of a sodium lanthanon sulphate precipitation with material mainly 
in the form of sodium lanthanon enta, Na{Ln enta]. 


In Out 
Na,SO, or Fraction Double sulphate, Colour of 

Lanthanon or H,SO, 10H,0, kg no kg. (damp) oxide 

23 Moles LnCl, 2 (10) 3 Cocoa 
{23 Kg. NaOH 

5 Kg. H, enta 

4-5 Moles LnCl, 2 (10) y 2 

4-5 Moles LnCl, 2-5 (10) 

(A) ——> LnCl, 3 (10) i pe 

’ 6 6-7 Moles LnCl, : f Rust 
(0) ) ‘4 + Na/Ln ental}, (B) 

(B) etc. ——> LnCl, “| Light brown 

7 7 Moles Na{Ln enta l 


2-5 Kg. Na!Ln ental], (C) 
0-5 ’ 

(C) ——> LnCl, “fj 1-4 + 1-5 Kg. Na{Ln enta), (D) 

(D) ——> LnCl, ‘ § 


H,SO,, 50 ml 
” 10 1-5 Kg. NaLn(SO,),,H,0 — 0-5 (0) 


Pale cream 


H,SO,, 167 ml 
YW 11 4 Moles Ln,(SO,), 0-5 (0) 
H,SO,, 133 ml 0-5 (0) 
300 ,, 0-5 (0) 
200 
150 
150 


150 ‘ White 


Pale rose 


sai Strong rose 


The experiments leading to Figs. 1, 2, 4, 5, and 6 were each done with 30—40 g. of oxide 
in a solution volume of under 800 ml. For Fig. 4, the excess of enta was taken up by adding 
copper sulphate. Fig. 3 represents an experiment on a larger scale with about 550 g. of 
oxides in 81. A still larger operation covering all the elements was subsequently carried 
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out, up to 35 1. of solution and nearly 10 kg. of oxides being used. Results here showed 
that large-scale working yielded even better results than small-scale, probably because the 
slower tempo of precipitation led to a greater selectivity. The whole course of the operation 
is summarised in Table 1 and analyses of oxides from most of the fractions are recorded 
in Table 2, the maximum concentration of each element being in heavy type. The material 
worked on in this operation has already been split into eleven fractions (‘‘ YW 1 ’’—‘‘ YW 
11’’) by classical double sulphate precipitation procedure. Starting with complexed 
cerium-group elements, double sulphate precipitates were obtained by addition of solutions 
of simple salts progressively of terbium, yttrium, and ytterbium group elements. 

In Part III (loc. cit.) a salt 4Na{Ln enta],H,enta,24H,O was described. An error 
arose owing to a systematic use of a molecular weight of 236 instead of 292 for enta acid. 
The salt in question should therefore be simply Na[{Ln enta),6H,O. It is the same salt 
as is believed to be chiefly involved in bringing about the results described in the present 
paper. 

EXPERIMENTAL 

Sodium Lanthanon Sulphate Precipitation from Chloride Solutions.—This followed con- 
ventional lines. In the yttrium group, hot solutions were used with addition of sodium chloride 
to obtain fuller precipitation (Marsh, Nature, 1949, 163, 998). A final precipitate of hydroxide 
was made. Usually 5-—8 fractions were taken 

Fractionation of Sodium Lanthanon Enta Salt Solution.—The pH of a hot solution of the 
salt Na{Ln enta],6H,O was adjusted. For the cerium-group precipitation a value of 5-5—6 
was found suitable. High values caused the precipitate to be too fine, and with lanthanum and 
other early members of the series present low values were likely to cause precipitation of the acid 
salt, LnH enta. This had to be avoided, or loss of selectivity resulted. Control by indicator paper 
was sufficiently accurate. The stirred solution at about 50° was treated with sodium sulphate, 
and heating continued cautiously. The sudden precipitation which was often troublesome in 
precipitating the yttrium-group as double sulphates was less likely to occur from enta solutions. 
Nevertheless, particularly with the cerium group, slow initiation of precipitation so that not 
too manv nuclei were formed was desirable. Good grain size was thus obtained and selectivity 
promoted. Precipitation usually occurred at 60—80°. The presence of carbonate was undesir- 
able, but the solution could be acidified sufficiently to boil out carbon dioxide if necessary. 
Solutions stronger than equivalent to 80 g. of oxide per |. were found inconvenient in the cerium 
group owing to the tendency of enta salt to crystallise during filtration. Use of a large 
excess of sodium sulphate was avoided, but when it failed to give further precipitation readily 
the solution was allowed to cool overnight. Most of the enta salt then crystallised. <A 
suitable portion of it was collected, washed free from sulphate, made into a hot concentrated 
Slow addition of acid was liable to produce a precipitate of insoluble acid enta salt which was 
difficult to decompose, but it was not difficult to avoid its formation. A crop of enta acid soon 
began to separate, and was collected next day. Then the solution was roughly neutralised and 
returned to the reaction mixture, the pH was adjusted, and the solution heated. Another 
crop of double sulphate was now obtainable. This cycle of operations was repeated till no 
more enta salt crystallised. The solution then contained much sodium chloride and some 
sulphate Heating by flame of glass vessels containing solid Na’Ln enta] was avoided. The 
liquor was heated separately from the solid and then dissolved it readily. Finally, the reaction 
mixture was made either acid or strongly alkaline. The acid solution slowly deposited enta 
acid and then gave a further double sulphate crop on heating. Oxalic acid brought down a 
final crop of oxalate. With insufficient alkali the final solution gave on boiling a troublesome 
hydroxide, but with a large amount of alkali it was readily filterable. It was found possible to 
precipitate fully as hydroxide all the earths showing visible absorption bands, but a large excess 
must be used. Acidification and final oxalate precipitation is the preferable method. 

Fractionation with the Aid of Copper Sulphate.—A solution of copper and sodium sulphates, 
each of molar concentration, was used for the fractionation represented in Fig. 4 100 g. of 
sodium lanthanon enta in 400 ml. at 80—85° were treated dropwise with 50 ml. of sulphates. 
Precipitation started slowly and in 15 min. a coarse granular precipitate had formed (= 2-3 g. 
oxide). A second crop was obtained with another 20 ml. of sulphates in 10 min. with a further 
10 min. of hot digestion 5°6 g. oxide). Seven crops were taken in all in this manner. One 
atomic proportion of Cu per Ln had then been added, but 20 g. of additional sodium sulphate were 
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added for the last precipitation. Enta acid was recovered by addition of hydrochloric acid and 
excess of ammonia was then found to give only a trace of hydroxide precipitate. 

Fig. 3 represents only the latter half of a larger-scale operation than the other experiments. 
550 g. of oxides, largely freed from samarium and europium, were made into enta salt and some 
of the fractions from the Gd—Dy region of the Na{Ln enta],6H,O fractionation reported in Part 
III (loc. cit.) were successively added in the form of chloride solutions. There were about 
8 1. of solution. Twelve fractions amounting to 1300 g. of double sulphate were taken. The 
first three fractions contained neodymium and up to 7% of samarium, but only 0-7% of 
dysprosium. Only when no more chloride solutions were available was the series shown in 
Fig. 3 started, and fractions 13—-22 obtained (1440 g.). Terbium was seen by oxide colour to be 
maximum in fraction 16 and absent in 22. Fractions 18—22 were obtained by adding copper 
sulphate (320 g.) to the solution when it was found that no more enta salt would crystallise from 
it. 

Large-scale Precipitation (Tables 1 and 2).—Material from fractions (‘‘ YW ’’) 2, 6, 7, 10, and 
11 (final) of a double sodium sulphate precipitation of a chloride solution of yttriotungstite 
(formerly erroneously named thoriotungstite) was available. Spectrophotometric analyses of 
these fractions expressed as derived oxide percentages were : 

YW 2: Pr 6-4, Nd 23-4, Sm 15-8, La, Ce, Gd, etc. (by diff.) 54%. 

YW 6: Dy 19, Ho3, Er 6, Yb 2, Gd + Y (by diff.) 70%. 

YW 7: Dy 13-5, Ho 3, Er 5-4, Y, etc. (by diff.) 78%. 

YW 10: Dy 3, Ho 3, Er 8, Tm 1-5, Yb 8, Y, etc. (by diff.) 76-5%. 

YW 11: Ho 0-7, Er 6, Tm 1-6, Yb 16-3, Y, etc. (by diff.) 75-4%. 

YW 2 as dried hydroxide was treated with cold 4N-hydrochloric acid. A little dissolution 
of cerium and liberation of chlorine occurred. Sufficient enta acid (5 kg.) and sodium hydroxide 
were added to part of the chloride: solution (17 mols.) to convert it into Na[Ln enta}],6H,O 
Cropping of sodium double sulphate was then started. As further lots of YW 2 chloride solution, 


TABLE 2. Analyses of oxides derived from sodium lanthanon sulphate fractions as shown 
in Table 1. 
Oxides. 
Fraction La! N S Gd? Dy 


” 

10 

18 

‘ 30 
1 By difference and including Ce. #? By difference and including Lu and Tb. #* By difference 
Where gadolinium is also likely the figures for both gadolinium and yttrium, if given, are based on 
apparent atomic weight determinations. ‘ By difference, but the apportionment of this difference 

between Lu and Y is conjectural 


and then YW 6 and YW 7 chlorides were added, a large amount of sodium chloride accumulated 
in the reaction liquor. After fractions 3 and 6 of double sulphates had been taken, and the 
complex salt crystallised, the mother-liquors were acidified, the resulting enta acid collected 
next day, and then the mother-liquors fully precipitated as double sulphate. This precipitate 
was converted into sodium lanthanon enta and redissolved together with the main body of 
the same salt in fresh water. Deposits of Na{Ln enta],6H,O were at first always obtained 
overnight, and from time to time some of them were converted into chloride, their 
content of enta acid being withdrawn; but in the latter half of the operation they were not 
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encountered. The fraction YW 10 of crude sodium yttrium sulphate was soluble in ice-water to 
the extent of 400 g./l., and was therefore added as solution. It was used in four portions. 
The fraction YW 11 was in the form of crude oxide and was added as such, and the warm 
reaction mixture treated with sulphuric acid till it remained acid. Dissolution, however, 
remained only about 50% effective. At this stage acidification produced no insoluble enta salt, 
and was used directly on the reaction mixture to remove enta acid. At worst, at boiling point 
a mixed crop of double sulphate and enta acid was produced which was resolvable by leaching 
out the sulphate with cold water. If not too much mineral acid was added at once, the double 
sulphate was removable from the hot solution and the enta acid only appeared on cooling 
overnight (Table 1). The crop weights are for damp filter-cake, NaLn(SO,),,H,O, except for 
the last few crops which contained much more sodium sulphate, and doubtless approximated to 
the known salt Na,Er(SO,),,3-5H,O. Precipitation from a brine solution, however, appeared 
to give the former salt even at the tailend. Early crops were twice washed with hot water, but 
the more soluble crops could not be so treated satisfactorily. The final liquor (15 1.) contained 
much sodium hydrogen sulphate. The pH, however, was low enough to precipitate enta acid. 
When neutralised at the b. p. a crop of sodium sulphate was obtained but it contained no 
lanthanon. Further alkali precipitated iron which was present. This was removed, and 1-5 g. 
of Ln,O, recovered from it. The iron-free solution, when made N with respect to sodium 
hydroxide, gave a precipitate = 10 g. of Ln,O;. More alkali gave no further yield. Only a 
trace of organic matter was found to be present and the liquor was rejected. Addition of limited 
oxalic acid (about 5 g./l.) gives on storage an easier recovery of remaining lanthanon than the use 
ofalkali 

Spectrophotometry.—The yttrium group oxides were in general made into slightly acid 
chloride solutions of 50 or 100 g./]. in 4-ml. graduated tubes. Much colourless earth tends to 
broaden but rendes less intense the absorption bands of other earths. Estimates of low con- 
centrations therefore tend to be too low, resulting in an apparent increase in the total quantity 
of a coloured earth when it undergoes good concentration. Thus in Fig. 3 more erbium seems 
apparent after concentration from enta solution. This source of error may give a slight 
exaggeration of the superiority of enta. Estimates were made at once after preparation of the 
solutions. Lower concentrations within the known limits of the validity of Beer’s law could 
be used with the cerium group Estimates were made with a Beckman D.U. spectrophoto- 
meter 

DISCUSSION 

The improved separation by double sodium sulphate precipitation described above 
depends upon the easy establishment of equilibrium in a mixed solution of lanthanons in 
cationic and complexed forms. Whether the complex compound is molecular or to some 
extent ionised would not appear to matter; but high stability of the complex appears to 
be important. The range of stability with different complexing agents would seem to widen 
in the lanthanon series with an increase of average stability, just as a percentage difference 
between two numbers will increase in absolute value as the numbers chosen increase. 
Enta acid forms the most stable soluble complexes of metals in general of any reagent at 
present in commercial production. It is this property which has led the author to apply 
it to lanthanon separation in the expectation of producing wider differences between 
members of the series than are usually encountered. 

Lanthanum is both the most insoluble as sodium double sulphate, NaLa(SO,),,H,O, 
and the least stable as enta complex, Na{La enta],6H,O, of all the lanthanons. Hence, 
in a solution containing both simple and complex lanthanon salts, if equilibrium is estab- 
lished, there will be a greater proportion of lanthanum in the mixture forming the simple 
salt than in that forming the complex salt. The reverse will be true for lutetium. Now 
only a simple lanthanon salt will react with sodium sulphate to give a double sulphate, and 
so it follows that the precipitable portion of mixed simple and complex salts is richer in 
lanthanum than an average of the whole solution. Clearly, an improved concentration of 
lanthanum in the first double sulphate precipitates is to be expected from the mixed solution 
as compared with a similar lanthanon solution purely cationic in form. The improvement 
will in general be dependent upon the relative proportion of cationic and complexed 
lanthanon present, but in practice will be limited by diminishing precipitability as the 
cationic form decreases, fractions smaller than 15° of the material in solution being in 
general undesirable. 
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The place of interpolation of yttrium in the lanthanon series was found to vary in 
different experiments. For instance, the small-scale work illustrated in Figs. 5 and 5a shows 
holmium concentrating at the tail and dysprosium at the head, 1.e., they are split apart by 
yttrium ; but in the large-scale work (Table 2) yttrium is interpolated as in classical double 
sulphate precipitation. Two factors contend to govern the position of yttrium in the enta 
double sulphate series—its basic strength and the solubility of the double sulphate. Only 
the latter is operative in the classical process. The slower tempo of the large-scale work 
has favoured the solubility factor at the expense of the basicity factor. It was noted in 
Part I (J., 1950, 1819) that in oxalate precipitation from enta solution yttrium came down 
with or before dysprosium. Here there is little difference in oxalate solubilities and the 
basicity factor is therefore predominant and places yttrium yet earlier in the series. 

The practical operations involved in the use of enta complexes to hold back from 
precipitation the weak bases in the lanthanon series are rather more troublesome than 
operations in ordinary double sulphate precipitation, but the increase in separational 
efficiency, which is general throughout the whole series, renders their use desirable. 


The author thanks the Geigy Co., Ltd., and Johnson, Matthey & Co. Ltd., for generous 
supplies of ‘ Sequestrol ’ and lanthanons respectively. 
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938. 2-Benzoyldithiocarbazinic Acid and Related Compounds. 
By Eric HOGGARTH. 

Heating of an appropriate hydrazide, carbon disulphide and alcoholic 
potassium hydroxide gave various substituted 2-benzoyldithiocarbazinic acids 
and 2-acetylthiocarbazinic acid. In absence of alkali reaction took a different 
course. Benzhydrazide and carbon disulphide in alcohol gave 1 : 2-dibenzoyl- 
hydrazine and 2-mercapto-5-phenyl-1 : 3 : 4-oxadiazole; in pyridine there was 
formed, in addition, 4-benzamido-5-mercapto-3-phenyl-4: 1 : 2-triazole (isolated 
as its methylthio-derivative). Methyl 2-benzoyldithiocarbazinate and 
hydrazine formed 4-amino-5-mercapto-3-phenyl-4 : 1 : 2-triazole and this was 
converted into the above benzamido-derivative. The cyclisation reactions 
of 2-benzoyldithiocarbazinic acids and their methy] esters have been examined. 


Buscu and STarKE (J. pr. Chem., 1916, 93, 49), by treating benzhydrazide with carbon 
disulphide and potassium hydroxide in alcohol, obtained 2-benzoyldithiocarbazinic acid 
(I; R = Ph, R’ = H) as a crystalline potassium salt, which was easily alkylated to give 
esters of the type (1; R= Ph, R’ = alkyl). In the same way we have prepared (I; 
R = p-C,H,Cl, p-MeO°C,H, or Me, R’ =H or Me). However, in absence of potassium 
hydroxide, benzhydrazide and carbon disulphide in alcohol gave | : 2-dibenzoylhydrazine 
and 2-mercapto-5-phenyl-l : 3: 4-oxadiazole (Il; R= Ph, R’ =H), the constitution 
of which followed from identity of its methylation product with 2-methylthio-5-phenyl- 
1:3: 4-oxadiazole (II; R = Ph, R’ Me) (J., 1949, 1918). An attempt to remove the 
sulphur atom from the mercapto-oxadiazole with Raney nickel gave, unexpectedly, 
benzamide. When benzhydrazide and carbon disulphide reacted in pyridine, the dibenzoyl- 
hydrazine fraction contained a considerable quantity of a sulphur-containing compound 
which was eventually isolated as its S-methyl derivative, C,,H,,ON,S, and was shown by 
synthesis to be 4-benzamido-5-methylthio-3-phenyl-4 : i: 2-triazole (III; R= Ph, 
R’ = Bz). The parent thiol presumably arises by cyclisation of an intermediate formed 
from two molecules of benzhydrazide and one of carbon disulphide, e.g., 1 : 5-dibenzoyl- 
thiocarbazide (VI). An attempt to prepare (VI) from benzhydrazide by thiocarbony] 
chloride gave only the mercapto-oxadiazole (II; R Ph, R’ = H) and unchanged 
benzhydrazide. Recently, Dornov and Brunken (Chem. Ber., 1949, 82, 121) and Lieser 
and Nischk (ibid., p. 527) reported that benzhydrazide and carbonyl chloride gave 2 
hydroxy-5-phenyl-1 : 3 : 4-oxadiazole. 

Methyl 2-benzoyldithiocarbazinate (I; R= Ph, R’ = Me) reacted with hydrazine, 
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to give 4-amino-5-mercapto-3-phenyl-4 : 1 : 2-triazole (IV; R= Ph), the constitution 
being established as follows. Methylation gave a methylthio-derivative, whose nature 
was confirmed by oxidation to a sulphone. By mild oxidation, the thiol gave a 


R-CO-NH-NH:CS’SR’ Ph*CO-NH:NH:-CS:NH-NH’CO:Ph 
(1) 


NHR”“N——, NH,-N——R 

MeS\, LN HS K 
SN’ N 

(IIT) (lV) 

disulphide which, like related compounds (cf., Guha, J. Amer. Chem. Soc., 1922, 44, 1510), 
on dissolution in alkali regenerated the thiol. Treatment of the methylthio-derivative 
with nitrous acid eliminated an amino-group in a reaction characteristic of 4-amino- 
triazoles (Curtius, Darapsky, and Miiller, Ber., 1907, 40, 836), giving 5-methylthio-3- 
phenyl-1 :2:4-triazole (V; R= SMe) (J., 1949, 1160). Furthermore, treatment of 
(IV; R= Ph) with Raney nickel removed the sulphur atom, giving 4-amino-3-phenyl- 
4:1: 2-triazole, converted by nitrous acid into 3-phenyl-1 : 2: 4-triazole (V; R= H) 
(loc. cit.). The compound C,,H,,ON,S resisted acid or alkaline hydrolysis, but it was 
obtained by benzoylation of 4-amino-5-methylthio-3-phenyl-4 : 1 : 2-triazole. Both 
4-amino-3-phenyl- and 4-amino-5-methylthio-3-phenyl-4 : 1 : 2-triazole with #-dimethyl- 
aminobenzaldehyde gave well-defined benzylidene derivatives. The analogous compounds 
(IV; R = p-MeO-C,H, or Me) were prepared from the corresponding methyl! dithio- 
carbazinates and characterised as their methylthio-derivatives. A by-product C,H,N,S, 
formed in the reaction with methyl 2-acetyldithiocarbazinate, proved to be 4-amino-3- 
hydrazino-5-mercapto-4 : 1 : 2-triazole (IV; R = NH*NH,) (following paper). 

The structures of the amino-thiols were confirmed on treating them with phenacyl 
bromide. Bose and his co-workers (J. Indian Chem. Soc., 1924, 1, 51; 1925, 2,95; 1927, 
4, 257) have shown that, in general, phenacyl bromide and compounds containing the 


system NH, N-C“SH give derivatives of 5-phenyl-1:3:4-thiadiazine. 4-Amino-5- 
mercapto-3-phenyl- and -3-methyl-4 : 1 : 2-triazole gave what, by analogy, were regarded 
as 6 : 7-dihydro-3 : 5-diphenyl-7-thia-1 : 2 : 4 : 9-tetra-azaindene (VII; R = R’ = Ph) and 
the corresponding compound (VII; R= Ph, R’ = Me). The compound (VII; R =H, 
R’ = Ph) was obtained with bromoacetal under slightly different conditions. Unlike 
the cases studied by Bose and Nandi (J. Indian Chem. Soc., 1930, 7, 961) cyclisation did 
not occur when 4-amino-5-mercapto-3-phenyl-4 : 1 : 2-triazole reacted with ethyl chloro- 
acetate, the intermediate ethyl 4-amino-3-phenyl-4 : 1 : 2-triazol-5-yl thioacetate alone 
being isolated. This with alkali gave the corresponding thioglycollic acid, also obtained 
from the mercaptotriazole and chloroacetic acid. 

The reactions between potassium or methyl 2-benzoyldithiocarbazinate and acidic 
or basic reagents similar to those which cause cyclisation of 1-benzoylthiosemicarbazides 
and their S-methy]! derivatives (/., 1949, 1163, 1918) were not so diverse as with the latter. 
Treatment of the potassium salt with dilute mineral acid precipitated the free acid which 
gradually dissolved with formation of carbon disulphide and benzhydrazide. With hot 
syrupy phosphoric acid, the principal product was benzoic acid with smaller amounts 
of 1 : 2-dibenzoylhydrazine and 2-mercapto-5-phenyl-1 : 3 : 4-oxadiazole. Both potassium 
and methyl] dithiocarbazinate were converted in very good yield into the mercapto- 
oxadiazole by boiling pyridine. This was a convenient preparative method and the thiols 
(Il; R= p-C,H,Cl, p-MeO-C,H,, or Me, R’ = H) were prepared from the corresponding 
potassium dithiocarbazinateand characterised as their methy] derivatives (II ; R = p-C,H,Cl, 
p-MeO-C,H,, or Me, R’ = Me). 

EXPERIMENTAL 

The following salts were obtained in high yields as described by Busch and Starke (loc. cit.), 
by stirring together the corresponding hydrazides (1 mol.), carbon disulphide (1-5 mols.), and a 
solution of potassium hydroxide (1-5 mols.) in absolute alcohol, for 2—3 hours at 35—40° and 
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then for 12—18 hours at room temperature. The pale yellow crystals which slowly formed 
were collected and crystallised from alcohol containing very little water. The esters were 
prepared by shaking aqueous solutions of the potassium salts with a slight excess of methyl 
iodide in a pressure bottle for 2-3 hours. The precipitate was crystallised from aqueous 
alcohol, or in the case of methyl 2-acetyldithiocarbazinate from benzene containing a small 
amount of ethyl acetate. In the case of the latter compound, which was appreciably soluble 
in water, the precipitate was usually oily and was isolated by ether-extraction. 

Potassium, colourless leaflets or needles, m. p. 292—-296° (decomp.) (Found: C, 38-2; H, 
2:7; S, 25-4. Calc. for C,H,ON,S,K: C, 38-4; H, 2-8; S, 25-6%), and methyl 2-benzoyl- 
dithiocarbazinate, colourless needles, m. p. 172° (Busch and Starke give m. p. 170° for the ester 
but do not record a m. p. for the salt) ; potassium, pale yellow needles, m. p. 265—266° (decomp.) 
(Found: C, 38-5; H, 3-3; S, 22-6. C,H,O,N,S,K requires C, 38-6; H, 3:2; S, 229%), and 
methyl 2-p-methoxybenzoyldithiocarbazinate, colourless needles, m. p. 155—157° (Found: C, 
46-8; H, 4-7; S, 24-6. C,,H,,O,N.S, requires C, 46-9; H, 4-7; S, 250%); potassium, pale 
yellow needles, m. p. 308—310° (decomp.) (Found: C, 33-8; H, 2-5; S, 22-8. C,H,ON,CIS,K 
requires C, 33-7; H, 2-1; S, 22-5%), and methyl 2-p-chlorobenzoyldithiocarbazinate, colourless, 
flat needles, m. p. 183—184° (Found: C, 41-3; H, 3-5. C,H,ON,CIS, requires C, 41-5; H, 
3°5%); potassium, pale yellow prisms, m. p. 180—182° (decomp.; sinters at 165°) (Found : 
C, 19-0; H, 2-7; S, 33-9. C,H,ON,S,K requires C, 19-1; H, 2-7; S, 34:0%), and methyl 
2-acetyldithiocarbazinate, colourless plates, m. p. 122—123° (Found: C, 29-5; H, 4:9; S, 38-6. 
C,H,ON,S, requires C, 29-3; H, 4-9; S, 39-0%). 

2-Mercapto-5-phenyl-1 : 3: 4-oxadiazole (Il; R= Ph, R’ = H).—(a) A mixture of benz- 
hydrazide (27-2 g.), alcohol (100 c.c.) and carbon disulphide (18-0 c.c.) was refluxed, with stirring, 
overnight, the solvent removed under reduced pressure, and the residue rubbed with water 
until it crystallised. The solid (10-9 g.) crystallised from 50% aqueous alcohol (300 c.c.) on 
cooling slowly to 30°. At this temperature the colourless glistening plates were filtered off quickly 
on a large warm Buchner funnel and washed with a little cold alcohol. A mass of fibrous crystals 
immediately separated from the mother-liquor. The first crop (5-0 g.) recrystallised from 
alcohol, giving 2-mercapto-5-phenyl-1 : 3 : 4-oxadiazole, colourless plates or flat needles, m. p. 
218—220° (Found: C, 53-9; H, 3:3. C,H,ON,S requires C, 53-9; H, 3-4%). The original 
mother-liquor was heated to dissolve the crystals, somewhat concentrated, filtered (charcoal), 
and allowed to cool slowly. The mixture of crystals (3-5 g.) was separated (partly) by hand- 
picking into 2-mercapto-5-phenyl-1 : 3 : 4-oxadiazole, m. p. and mixed m. p. 216—218°, and 
1 : 2-dibenzoylhydrazine, m. p. and mixed m. p. 236—237°. The mixture was shaken with 
n-sodium hydroxide (20 c.c.), alcohol (2-0 c.c.), and methyl iodide (2-0 c.c.) for 0-5 hour and 
then extracted with ether; the ethereal extracts were evaporated and the residue distilled, 
giving 2-methylthio-5-phenyl-1 : 3 : 4-oxadiazole (1-2 g.), b. p. 218—220°/60 mm., m. p. 32— 
33°. not depressed by an authentic specimen (jJ., 1949, 1918). The alkaline residue after 
extraction was made acid, and the precipitate crystallised from aqueous alcohol, giving 
1 : 2-dibenzoylhydrazine (1-6 g.), fibrous needles, m. p. 236—238° not depressed by an authentic 
sample (Autenrieth and Spiess, Ber., 1901, 34, 187). 

(b) Benzhydrazide (13-6 g.), dry pyridine (25 c.c.), and carbon disulphide (9-0 c.c.) were 
refluxed gently for 12 hours. Water (200 c.c.) was added, then concentrated hydrochloric 
acid (good cooling) until strongly acid, and the precipitate was collected, dissolved in 0-5N- 
sodium hydroxide (300 c.c.), filtered, and reprecipitated with acid. The solid was collected 
(16-0 g.) and crystallised from 50% aqueous alcohol (400 c.c.), with slow cooling and collection 
at 30°. Colourless plates separated first, as described in (a). Recrystallisation gave 2-mercapto- 
5-phenyl-1 : 3: 4-oxadiazole (7-5 g.), m. p. 219—220° (Found: C, 53-9; H, 3-3; S, 181. 
C,H,ON,S requires C, 53-9; H, 3-4; S, 180%). The original mother-liquor was evaporated 
to half its bulk, and the solid collected (5-7 g.) and methylated with methyl iodide (3-0 c.c.) 
in N-sodium hydroxide (30 c.c.) and alcohol (5-0 c.c.) as in (a). By ether extraction, 2-methyl- 
thio-5-phenyl-1 : 3 : 4-oxadiazole (1-3 g.), b. p. 190—192°/30 mm., m. p. 30—32°, was obtained. 
The aqueous residue was filtered and treated with acid, and the precipitate was crystallised 
from alcohol (15 c.c.), giving 1 : 2-dibenzoylhydrazine (0-5 g.), m. p. 234—236°. The mother- 
liquors slowly deposited very large yellow prisms (1-3 g.), which from a small volume of alcohol 
gave colourless prisms (1-0 g.) of 4-benzamido-5-methylthio-3-phenyl-4 : 1: 2-triazole, m. p. 
193° not depressed by this compound as prepared below (Found: C, 61-6; H, 4:8; N, 17-8; 
S, 10-4. C,gH,,ON,S requires C, 61-9; H, 4-5; N, 18-1; S, 10-3%). This compound (1-5 g.) 
was refluxed for 12 hours with N-sodium hydroxide (15 c.c.), and the liquid was cooled and made 
acid, and the precipitate crystallised from alcohol, giving unchanged starting material (1-2 g.), 
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m. p. 192—193°. A similar experiment in which concentrated hydrochloric acid (5 c.c.) and 
alcohol (10 c.c.) were used gave a similar result. 

2-Mercapto-5-phenyl-1 : 3 : 4-oxadiazole (3-6 g.) in N-sodium hydroxide (20 c.c.) was shaken 
with methyl iodide (2-0 c.c.) and alcohol (2-0 c.c.) for 0-5 hour, and the oil separated with ether, 
dried, and distilled, giving a colourless oil, b. p. 180—183°/20 mm., which solidified to a mass 
of colourless prisms, m. p. 36—37° alone or mixed with 2-methylthio-5-phenyl-1 : 3: 4- 
oxadiazole (Found: C, 56-4; H, 3-9. Calc. for C,JH,ON,S: C, 56-25; H, 4-2%). The 
mercapto-oxadiazole (1-8 g.) was refluxed in alcohol (50 c.c.) with Raney nickel (ca. 10-0 g.) 
for 1-5 hours, the filtered solution evaporated, and the residue crystallised from benzene-light 
petroleum (b. p. 60—80°), giving flattened needles (0-5 g.) of benzamide, m. p. and mixed m. p. 
130° (Found: C, 69-0; H, 6-0. Calc. forC,H,ON: C, 69-4; H, 5-8%) 

Reaction of Benzhydrazide with Thiocarbonyl Chloride.—Benzhydrazide (13-6 g.) was dis- 
solved in water (100 c.c.) by heating, the solution cooled quickly to 20° with stirring, and thio- 
carbonyl chloride (5-8 g.) in ether (20 c.c.) was added during 10 minutes. The temperature 
rose to 30°. After 2 hours the solid was collected, ground with n-hydrochloric acid, and col- 
lected. The acid filtrate was united with the original filtrates, made just alkaline with ammonia, 
and evaporated under reduced pressure, giving a residue which on extraction with hot benzene 
gave unchanged benzhydrazide (5-2 g.), m. p. 112—113°. The solid insoluble in acid dissolved 
almost completely in N-sodium hydroxide (100 c.c.) and after filtration (charcoal) was pre- 
cipitated with acid; the solid (9-5 g.) crystallised from aqueous alcohol, giving colourless 
glistening plates, m. p. 218—220°, of 2-mercapto-5-phenyl-1 : 3 : 4-oxadiazole. 

4-A mino-5-mercapto-3-phenyl-4 : 1: 2-triazole (IV; R= Ph).—Methyl 2-benzoyldithio- 
carbazinate (9-0 g.) was refluxed with alcohol (30 c.c.) and 75% hydrazine hydrate (9-0 c.c.) 
for 4 hours. Water (100 c.c.) was added, the alcohol removed under reduced pressure, the 
residue cooled and made strongly acid with strong hydrochloric acid, and the precipitate 
collected and washed with water. This thiol (6-2 g.) crystallised from 50% aqueous alcohol 
(200 c.c.) as colourless flat needles (4-5 g.), m. p. 204—205° (Found: C, 50-3; H, 4:3; N, 28-8; 
S, 16-5. C,H,N,S requires C, 50-0; H, 4-1; N, 29-2; S, 16-7%). 

4-A mino-5-methylthio-3-phenyl-4 : 1 : 2-triazole (IIL; R = Ph, R’ = H).—The thiol (10-0 g.) in 
N-sodium hydroxide (100 c.c.) was shaken with methyl iodide (8-5 c.c.) and alcohol (10 c.c.) for 
0-5 hour, yielding the methyl derivative, colourless needles (6-5 g.), m. p. 154—155° (from aqueous 
alcohol) (Found: C, 52-2; H, 5-0; S, 15:5. C,H, )N,S requires C, 52-4; H, 4:9; S, 15-5%), 
soluble in N-hydrochloric acid although an insoluble hydrochloride gradually separated. The 
triazole (1-0 g.) and p-dimethylaminobenzaldehyde (0-8 g.) were refluxed in alcohol (20 c.c.) 
with potassium hydroxide (0-1 g.) for 3 hours, water was added, and the p-dimethylamino- 
benzylidene compound (1-5 g.) collected and crystallised from methyl alcohol as large yellow 
needles, m. p. 183—184° (Found: C, 64-0; H, 5:7; S, 9-6. C,,H,)N,S requires C, 64-1; H, 
5-6; S, 95%). 

4-A mino-5-methanesulphonyl-3-phenyl-4 : 1 : 2-triazole-——The methylthiotriazole (10-3 g.) 
was stirred in acetic acid (150 c.c.) at 20° whilst a solution of potassium permanganate (16-0 g.) 
in water (150 c.c.) was added during 0-5 hour, at +25°. After 0-5 hour, the whole was cooled 
and sulphur dioxide passed in at 10—15°, until the colour was discharged. Ammonia was 
added to alkalinity and the solid collected and crystallised from aqueous alcohol, giving the 
sulphone as colourless needles (5-0 g.), m. p. 198° (Found : C, 45-5; H, 4-3; S, 13-4. C,H,,0,N,S 
requires C, 45-4; H, 4-2; S, 13-5%). 

Di-(4-amino-3-phenyl-4 : 1 : 2-ditriaz-5-yl) Disulphide——The mercaptotriazole (9-6 g.) in 
N-sodium hydroxide (55 c.c.) was titrated with N-potassium ferricyanide (50-1 c.c. required). 
The precipitated disulphide crystallised from a large volume of aqueous alcohol as colourless 
needles (5-4 g.), m. p. 174—176° (Found: C, 49-9, 50-1; H, 4:1, 3-9; S, 16-4. C,.H,,N,5, 
requires C, 50-2; H, 3-7; S, 16-8%). Asolution of this compound (0-5 g.) in N-sodium hydroxide 
was treated with acetic acid, and the precipitated thiol crystallised from aqueous alcohol as 
colourless flat needles, m. p. 200—201°. 

4-A mino-5-mercapto-3-p-methoxyphenyl- (IV; R = p-MeO:C,H,), colourless needles, m. p. 
205—206° (from alcohol) (Found: C, 49-0; H, 4-9; S, 14:2. C,H,,ON,S requires C, 48-6; 
H, 4:5; S, 14-4%), and 4-amino-3-p-methoxyphenyl-5-methylthio-4 : 1: 2-triazole (III; R= 
p-MeO-C,H,, R’ = H), colourless, glistening needles, m. p. 201—202° (from alcohol) (Found : 
C, 51-1; H, 5-4; S, 13-8. C,)H,,ON,S requires C, 50-85; H, 5-1; S, 13-6%), were obtained 
analogously. 

4-A mino-5-mercapto-3-methyl-4 : 1: 2-triazole (IV; R= Me).—(a) Methyl 2-acetyldi- 
thiocarbazinate (51-0 g.), alcohol (150 c.c.) and hydrazine hydrate (75 c.c. of 75%) were refluxed 
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for 5 hours, then evaporated, and the residue dissolved in N-sodium hydroxide (500 c.c.). The 
filtered solution was made acid with acetic acid, and the precipitate collected and washed with 
hot water (300 c.c.) [residue A; 11-5 g.; m. p. 220—222° (decomp.)]. The united filtrates 
were concentrated and extracted with ether, and the residual thiol left on evaporation of the 
solvent crystallised from water as colourless plates (6-1 g.), m. p. 205—206° (decomp.) (Found : 
C, 27-8; H, 4:8; N, 42-6; S, 23-9. C,H,N,S requires C, 27-7; H, 4-6; N, 43-1; S, 246%). 

(b) Repetition of the above experiment with 10% hydrazine hydrate (450 c.c.) (no alcohol) 
gave 4-amino-5-mercapto-3-methyl-4 : 1 : 2-triazole (25-2 g.), m. p. 204—205°, and only traces 
of the insoluble residue A. An example of a difference in the proportions of certain triazoles 
formed by aqueous or alcoholic hydrazine is reported by Arndt and Bielich (Ber., 1923, 56, 
809). 4-Amino-3-methyl-5-methylthio-4 : 1: 2-triazole, colourless plates, m. p. 160° (from 
alcohol-ethyl acetate), was very soluble in water and was extracted from the methylation 
liquid by ether (Found: C, 33-4; H, 5:3; N, 38-9; S, 22-0. C,H,N,S requires C, 33-3; H, 
5-5; N, 38-9; S, 22-2%). 4-Amino-5-mercapto-3-methyl-4 : 1 : 2-triazole reacted immediately 
with benzaldehyde in cold Nn-hydrochloric acid, giving the 4-benzylideneamino-compound, 
colourless needles, m. p. 204—-205° (from alcohol) (Found: C, 54-5; H, 4-7; S, 14-3. C,,H,)N,S 
requires C, 55-0; H, 4:6; S, 14-7%). 

The residue (A) (above) was insoluble in ordinary organic solvents but soluble in N-sodium 
hydroxide or N-hydrochloric acid. From water, in which it was very sparingly soluble, were 
obtained colourless needles, m. p. 232—233° (decomp.), identical with a specimen of 4-amino- 
3-hydrazino-5-mercapto-4 : 1 : 2-triazole (following paper) (Found: C, 16-7; H, 4-2; N, 57-3; 
S, 21-6. Calc. for C,H,N,S: C, 16-4; H, 4:1; N, 57-5; S, 219%). This compound (1-0 g.) 
in hot N-hydrochloric acid (50 c.c.) was shaken with benzaldehyde (2-0 c.c.) in alcohol (5-0 c.c.) ; 
the dibenzylidene compound crystallised from »-propyl alcohol as pale yellow plates (0-7 g.), 
m. p. 246° not depressed by an authentic specimen (loc. cit.) (Found: C, 59-6; H, 4:3; N, 
26:0; S, 9-8. Calc. for C,,H,,.N,S: C, 596; H, 4-4; N, 26-1; S, 9-9%). 

5-Methylthio-3-phenyl-1 : 2: 4-triazole (V; R = SMe).—4-Amino-5-methylthio-3-phenyl- 
4:1: 2-triazole (2-1 g.) was dissolved in a hot mixture of N-hydrochloric acid (20 c.c.) and water 
(50 c.c.), then cooled quickly, and the fine suspension stirred whilst 0-5n-sodium nitrite (20 c.c.) 
was added during 5 minutes. There was some foaming and a thick precipitate was formed. 
This was dissolved by the cautious addition of 40% potassium hydroxide solution. The liquid 
was filtered and made just acid with acetic acid, and the sticky precipitate allowed to harden. 
From aqueous alcohol, colourless clumps of plates (1-7 g.), m. p. 162°, not depressed by an 
authentic specimen of 5-methylthio-3-phenyl-1 : 2: 4-triazole, were formed (Found: S, 16-9. 
Calc. for C,H,N,S: S, 16-75%). 

3-p-Methoxyphenyl-5-methylthio-1 : 2 : 4-triazole—In an experiment, similar to the above, 
4-amino-3-p-methoxyphenvyl-5-methylthio-4 : 1 : 2-triazole (2-4 g.) gave 3-p-methoxyphenyl- 
5-methylthio-1 : 2 : 4-triazole, colourless plates (1-9 g.), m. p. and mixed m. p. 125—126°, from 
benzene (Found: S, 14-2. Calc. for C,gH,,ON,S: S, 145%). 

4-A mino-3-phenyl-4 : 1 : 2-triazole-—4-Amino-5-mercapto-3-phenyl-4 : 1 : 2-triazole (5-0 g.), 
alcohol (100 c.c.), and Raney nickel (ca. 20 g.) were refluxed with stirring for 1-5 hours, then 
filtered through filter paper pulp from greenish colloidal material, and the residue was washed 
with boiling alcohol. The filtrates were evaporated under reduced pressure, and the residue was 
dissolved in boiling ethyl acetate (100 c.c.) and, after concentration, filtered and allowed to 
crystallise. Colourless plates (1-7 g.) of the product, m. p. 85—87°, separated and, recrystallised 
from benzene, had m. p. 89—90° (Found: C, 59-8; H, 5-1; N, 34:9. C,H,N, requires C, 
60-0; H, 5-0; N, 35-0%). This compound (0-5 g.) and p-dimethylaminobenzaldehyde (0-5 g.) 
were refluxed with alcohol (10 c.c.) and potassium hydroxide (0-1 g.), water was added, and 
the precipitate crystallised from aqueous alcohol, giving 4-p-dimethylaminobenzylideneamino- 
3-phenyl-4 : 1 : 2-triazole hemihydrate as yellowish-green needles (0-6 g.), m. p. 154—155° (slow 
heating; melted instantly ina bath at 135°) (Found : C, 68-2, 68-1; H, 5-8, 6-0. C,,H,,N,;,0-5H,O 
requires C, 68-0; H, 6-0%). 

3-Phenyl-1 : 2: 4-triazole (V; R = H).—4-Amino-3-phenyl-4 : 1 : 2-triazole (0-8 g.), treated 
with nitrous acid as described for the corresponding 5-methylthio-compound, gave 3-phenyl- 
1 : 2: 4-triazole, colourless needles (0-35 g.), m. p. and mixed m. p. 120° [from light petroleum 
(b. p. 100—120°)] (Found: C, 65-8; H, 4:8. Calc. for C,H,N,: C, 66-2; H, 4-8%). 

4-Benzamido-5-methylthio-3-phenyl-4 : 1: 2-triazole (II1l; R= Ph, R’ = Bz).—4-Amino- 
5-methylthio-3-phenyl-4 : 1 : 2-triazole (2-1 g.), dry pyridine (10-0 c.c.), and freshly distilled 
benzoyl] chloride (1-5 g.) were refluxed for 0-5 hour and poured on ice and water. After acidific- 
ation with hydrochloric acid, the sticky precipitate was collected and ground with n-sodium 
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hydroxide (100 c.c.)._ The turbid solution was clarified (charcoal) and acidified; the precipitate, 
when crystallised first from xylene and then from a small volume of alcohol, gave colourless 
prisms (1-6 g.) (Found: C, 61-9; H, 4-7; S, 10-4%), m. p. 192—193°, not depressed by the 
benzamido-derivative obtained as above. 

6 : 7-Dihydro-3 : 5-diphenyl-7-thia-1 : 2: 4: 9-tetra-azaindene (VI; R = R’ = Ph).—4-Amino- 
5-mercapto-3-phenyl-4 : 1 : 2-triazole (2-0 g.) and phenacyl bromide (2-0 g.) were refluxed 
in absolute alcohol (50 c.c.) for 2 hours. The solvent was evaporated under reduced 
pressure, the residue ground with 2Nn-hydrochloric acid (100 c.c.) at 40°, and the insoluble 
material ground with 2N-sodium hydroxide. The final insoluble residue (2-7 g.; m. p. 205— 
206°) crystallised from 50% aqueous alcohol, giving the thiatetra-azaindene as colourless leaflets 
(2-0 g.), m. p. 214—215° (Found: C, 65-4; H, 4:0; N, 194; S, 10-9. C,,H,.N,S requires 
C, 65:7; H, 4-1; N, 19-2; S, 11-0%). 

6 : 7-Dihydro-3-methyl-5-phenyl-7-thia-1 : 2: 4: 9-tetra-azaindene (V1; R = Ph, R’ = Me). 
This compound, obtained similarly, crystallised from alcohol in colourless needles, m. p. 186— 
187° (Found: C, 57-4; H, 4-6; S, 13-8. C,,H4)N,S requires C, 57-4; H, 4-4; S, 13-9%). 

6 : 7-Dihydro-3-phenyl-7-thia-1 : 2: 4: 9-tetra-azaindene (VI; R = H, R’ = Me).—4-Amino- 
5-mercapto-3-phenyl-4 : 1 : 2-triazole (2-0 g.) was unaffected by bromoacetal (3-0 g.) in boiling 
alcohol (50 c.c.) during 6 hours. When the same quantities of amino-thiol and bromoacetal 
were ground together and heated on the water-bath, a vigorous reaction took place and, after 
extraction of the solid residue with acid and alkali, crystallisation from aqueous alcohol gave 
the indene derivative as colourless prisms (1-5 g.), m. p. 144° (Found: C, 55-7; H, 3-8; S, 14:3. 
C, 9H,N,5S requires C, 55-6; H, 3:7; S, 14-8%). 

Ethyl (4-A mino-3-phenyl-4 : 1 : 2-triazol-5-ylthio)acetate.—4-Amino-5-mercapto -3-pheny]- 
4:1: 2-triazole (2-0 g.) and ethyl chloroacetate (3-0 g.) were heated under reflux in alcohol 
(50 c.c.) for 6 hours. The solvent was evaporated off under reduced pressure, the residue 
ground with water (50 c.c.) and N-sodium hydroxide (20 c.c.), and the insoluble ester (2-3 g.) 
crystallised from alcohol, giving colourless needles (1-5 g.), m. p. 172—173° (Found: C, 51-6; 
H, 5-0; S, 11-7. C,,.H,sO,N,S requires C, 51-8; H, 5-0; S,11-5%). This (0-25 g.) was refluxed 
with N-sodium hydroxide (20 c.c.) for 1 hour. Cooling and acidification with hydrochloric 
acid gave the acid (0-2 g.), which crystallised from alcohol as colourless plates, m. p. 183—184° 
(decomp.), soluble in dilute hydrochloric acid or potassium hydrogen carbonate solution (Found : 
C, 48:0; H, 4:1; S, 13-1. CygH,O,N,S requires C, 48-0; H, 4:0; S, 12-8%). The same 
compound, m. p. 185° (decomp.), was obtained from the amino-thiol and chloroacetic acid 

Cyclisations of 2-Benzoyldithiocarbazinic acid.—(a) The potassium salt (5-0 g.) in water 
(50 c.c.) was cautiously acidified with concentrated hydrochloric acid. A thick precipitate 
formed, which slowly effervesced with evolution of carbon disulphide and dissolution. After 
some hours, a small residue was collected and crystallised from aqueous alcohol, giving 2- 
mercapto-5-phenyl-1 : 3: 4-oxadiazole, colourless needles, m. p. 216—217° (0-05 g.). The 
original filtrate was made just alkaline with ammonia and evaporated under reduced pressure, 
the residue extracted with chloroform, the solvent evaporated, and the residue crystallised from 
water, giving benzhydrazide (1-5 g.), m. p. 113°. 

(6) The potassium salt (10-0 g.) was added during 0-5 hour to a mixture of syrupy phosphoric 
acid (25 c.c.) and phosphoric oxide (ca. 10 g.) with stirring at 120°, and stirring and heating 
were continued for 0-5 hour. Benzoic acid sublimed. Ice and water were added, and the solid 
was methylated as above. Ether-extraction afforded 2-methylthio-5-phenyl-1 : 3 : 4-oxadiazole, 
b. p. 183—184°/28 mm., prisms (0-5 g.), m. p. 36—37°. The aqueous residue from the ether- 
extraction gave, on acidification, benzoic acid (0-9 g.), m. p. 121°. The original acid filtrates 
were made just alkaline with ammonia, evaporated under reduced pressure, and extracted 
with chloroform, and the residue left on evaporation of the solvent crystallised from water 
(ca. 100 c.c.) giving colourless felted needles (0-3 g.) of 1: 2-dibenzoylhydrazine, m. p. 234 
236°. The mother-liquor was concentrated to about one quarter of its bulk, filtered hot 
(charcoal), and allowed to crystallise, giving benzhydrazide, colourless plates (2-0 g.), m. p. 112°. 

(c) The potassium salt (5-0 g.) was heated to the b. p. in dry pyridine (30 c.c.). A thick 
precipitate suddenly formed. Water (50 c.c.) was added, and the solution filtered (charcoal) 
and made acid with hydrochloric acid. The precipitate was washed with water (2-9 g.), and 
crystallised from aqueous alcohol, giving 2-mercapto-5-phenyl-1 : 3: 4-oxadiazole (2-3 g.), 
m. p. and mixed m. p. 218—220°. 

(d) When methyl 2-benzoyldithiocarbazinate (4:5 g.) was used in place of the potassium 
salt in (c), reaction was much slower, but after 20 hours’ refluxing the same mercapto-oxadiazole 
(2-9 g.), m. p. 218—220°, was obtained. 
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2-Mercapto-5-p-methoxyphenyl- (Il; R = p-MeO-C,H,, R’ = H), needles, m. p. 204—206° 
(from alcohol) (Found: C, 51-9; H, 3-9; S, 15-2. C,H,O,N,S requires C, 51:9; H, 3-8; S, 
15-4%) [methylthio-derivative, needles, m. p. 101° (from light petroleum), identical with the 
compound as prepared previously (J., 1949, 1918)], and 2-mercapto-5-p-chlorophenyl-1 : 3: 4- 
oxadiazole (Il; R = p-C,H,Cl, R’ = H), felted needles, m. p. 175—-176° (from aqueous alcohol) 
(Found: C, 45-6; H, 2-5; S, 15-2. C,H;ON,CIS requires C, 45-2; H, 2:4; S, 15-1%), were 
obtained analogously (method c). 

2-Mercapto-5-methyl-1 : 3: 4-oxadiazole (II; R = Me, R’ = H).—Cyclisation of potassium 
2-acetyldithiocarbazinate was much slower than that of the foregoing benzoyl derivatives. 
The salt (19-0 g.) and dry pyridine (50 c.c.) were refluxed for 18 hours, water (150 c.c.) was 
added, and the solution made acid with hydrochloric acid. A small brown precipitate was 
removed and after crystallisation from xylene proved to be sulphur, large yellow prisms (0-25 
g.), m. p. 118—119°. The filtrate was extracted with ether in an automatic apparatus and the 
residue left on evaporation of the solvent crystallised from benzene-light petroleum (b. p. 
60—80°) in colourless plates, m. p. 78° (Found: C, 31-3; H, 3-5; S, 27-7. C,H,ON,S requires 
C, 31-0; H, 3-4; S, 27-6%). This thiol (1-2 g.), when methylated as above, gave 5-methyl-2- 
methylthio-1 : 3: 4-oxadiazole (Il; R = R’ = Me), plates [from light petroleum (b. p. 80—100°)} 
(0-9 g.), m. p. 72—73° (depressed below room temperature by the parent thiol) (Found: C, 
37-1; H, 4:8; S, 24-4. C,H,ON,S requires C, 36-9; H, 4-6; S, 24-6%). 

IMPERIAL CHEMICAL INDUSTRIES LIMITED, RESEARCH LABORATORIES, 
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939. The Reaction between NN’-Dithiocarbamylhydrazine 
and Hydrazine. 


By Eric HOGGARTH. 


Four triazoles are formed when NN’-dithiocarbamylhydrazine is heated 
with hydrazine. The separation of these compounds is described and 
evidence of structure given. 


It is known that, when N N’-dithiocarbamylhydrazine (NH,°CS*NH-*), is heated under reflux 
with dilute aqueous hydrazine, three products may be isolated, viz., (A) C,H;N,S, (B) 
CyH,N,S., and (C) ?C,H;N,;S. Compound (B) was proved to be 4-amino-3 : 5-dimercapto- 
4:1: 2-triazole (I) (Arndt and Bielich, Ber., 1923, 56, 809), but formule (II), (III), and 
(IV) have been variously assigned to (A) and (C) on inconclusive evidence (idem, loc. cit. ; 
Fromm and Layer, Annalen, 1923, 433, 10; Fromm and Wetternick, ibid., 1926, 447, 300). 
We now provide additional evidence, confirming Fromm and Wetternick’s view that (A) 
is (II) and (C) is (IV). 


N 
2 N 
(III) H (IV) 


SH vH,*! N NH,-N—7—NH N—) NH-NH, 
( UN ), HS 


Hs 


a 


N——NH:N:CHR NH,:N —NH-NH, 
Ay N HS\ N 
ii (VII) (VIII) 
Ph-CH:N-N—7,—NH:N:CHPh 

L oN (X) 

*N 


In our hands the reaction gave (A) and (C) as the two principal products. These gave 
almost identical analytical results and with a number of aldehydes gave distinct series of 
monobenzylidene derivatives. As noted by Arndt and Bielich (loc. cit.) methylation of the 
parent compounds gave water-soluble products but, by extraction of the methylation liquid 
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with ether, isomeric S-methy] derivatives were isolated. This eliminates structure (II1) for 
either compound. Further, the methyl derivative from (A) condensed very readily with a 
number of aldehydes, giving well-defined dibenzylidene derivatives, and with benzil gave 
the penta-azaindene derivative (V; R = SMe), reactions which are found to occur with 
other 3: 4-diamino-4: 1: 2-triazoles (Hoggarth, J., 1950, 614). Under similar con- 
ditions the methyl derivative from (C) reacted with only one molecule of benzaldehyde. 

Presence of a thiol grouping in both (A) and (C) was proved by desulphurisations with 
Raney nickel. Compound (A) readily gave 3 : 4-diamino-4 : 1 : 2-triazole (VI). Although 
with benzil this readily gave a penta-azaindene derivative (V; R = H), it condensed under 
the usual conditions with one molecule only of a number of aldehydes. Raney nickel 
decomposed (C), but the arylidene derivatives readily gave 3-arylidenehydrazino-1 : 2 : 3- 
triazoles (VII). ' 

If, after the original condensation, the 3 : 4-diamino-5-mercapto-4 : 1 : 2-triazole (I1) 
was precipitated by cautious acidification, the sulphur content of the crude precipitate 
showed it to contain little 4-amino-3 : 5-dimercapto-4 : 1 : 2-triazole (1). A precipitate 
much richer in .the dithiol was precipitated when an excess of acid was used, and the 
dithiol was then isolated as described by Arndt and Bielich. The 3-hydrazino-5- 
mercapto-1 : 2: 4-triazole fraction was then found to contain appreciable amounts of a 
fourth triazole: this was separated by fractional precipitation of an acid solution with 
alkali and proved to be identical with 4-amino-3-hydrazino-5-mercapto-4 : 1 : 2-triazole 
(VIII) (Stollé and Bowles, Ber., 1908, 41, 1101). We have confirmed the somewhat 
doubtful structure of (VIII) : the compound afforded a dibenzylidene derivative which with 
Raney nickel gave 4-benzylideneamino-3-benzylidenehydrazino-4 : 1] : 2-triazole (X). 


EXPERIMENTAL 


Reaction of NN’-Dithiocarbamylhydrazine with Hydvazine.—The diamide (45-0 g.) and hydr- 
azine hydrate (63% ; 70-0c.c.) were heated in water (240 c.c.), with stirring, on the steam-bath for 
2 hours, cooled, and filtered (charcoal), and the clear solution made just acid to Congo-red with 
concentrated hydrochloric acid (ca. 80-0c.c.)._ After cooling, the crude 3 : 5-diamino-3-mercapto- 
4:1: 2-triazole (II) was collected (6-6 g.) (Found: S, 26-0%), and dissolved in boiling aqueous 
ammonium carbonate (18-0 g. in 150 c.c.). After filtration, the solution was boiled (water 
being added to maintain constant volume) until ammonia ceased to be expelled, filtered hot, and 
allowed to crystallise, giving colourless needles (3-9 g.), of the diamino-triazole, which re- 
crystallised from water (Found: C, 18-2; H, 3-8; S, 24-2. Calc. for C,H;N;S: C, 18-3; 
H, 3-8; S, 244°). Placed in a bath at 190° and heated slowly it showed m. p. 204—206 
decomp.), but if placed in a bath at 200° and heated more quickly it gave m. p. 210—212 
(decomp). Arndt and Bielich (Joc. cit.) state that the m. p. of their compound varied between 
207° and 225° depending upon the batch. Fromm and Layer (loc. cit.) quote m. p. 217°, and 
Fromm and Wetternick (/oc. cit.) m. p. 198—199° (after many crystallisations). The ammonium 
carbonate liquor from the initial crystallisation was concentrated to small bulk and cooled and 
a further amount of (II) (1-1 g.) was removed. Acidification of the mother-liquor gave only 
a small precipitate. 

The original filtrates from (II) were stirred in an ice-bath for 1 hour with a further 25 c.c. of 
concentrated hydrochloric acid, and the precipitate (9-9 g.) (Found: S, 37-7%) was collected 
and washed with a little water. This precipitate which contained most of the 4-amino-3: 5- 
dimercapto-4 : 1 : 2-triazole was dissolved in boiling aqueous ammonium carbonate (18-0 g. 
in 100 c.c.), the solution was filtered, and excess of ammonia boiled off, the volume being kept 
constant by addition of water. The cloudy solution was filtered hot and allowed to crystallise, 
giving 3: 4-diamino-5-mercapto-4: 1: 2-triazole (2-5 g.). The filtrates were concentrated 
to 50 c.c., filtered hot, and on cooling deposited a further 2-4 g. of (II). Next morning the 
filtrates were treated with charcoal and on treatment with concentrated hydrochloric acid 
gave 4-amino-3 : 5-dimercapto-4 : 1 : 2-triazole (I) (3-8 g.), which crystallised from water as 
colourless clumps of needles, m. p. 216—218° (decomp.) (Arndt and Bielich give m. p. 
Found: C, 16:2; H, 2:6; N, 37:7; S, 42-6. Calc. for C,H,N,S,: C, 16-2; H, 2:7; N, 

S, 43°3%). 

The original, strongly acid filtrates from the crude dithiol were neutralised with solid potas- 

sium hydrogen carbonate, and the precipitate (15-0 g.) (Found: S, 14:4%) was collected and 
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washed with a little water. This precipitate contained some inorganic material and was dis- 
solved in N-sodium hydroxide (150 c.c.), filtered, and stirred whilst 10% acetic acid was added 
very slowly. At pH 9-3, again at pH 9-0, at pH 8-4, and finally at neutrality, the precipitate 
was collected. The first fraction (0-6 g.), consisting solely of small colourless needles, crystallised 
from water (300—400 c.c.) as very long, colourless, glistening needles of 4-amino-3-hydrazino- 
5-mercapto-4 : 1: 2-triazole (VIII), m. p. 232° (decomp). (Found: C, 16-7; H, 4:1; N, 57-0; 
S, 22-3. Calc. for C,H,N,S: C, 16-4; H, 4:1; N, 57-5; S, 21-9%) (see below). This com- 
pound (1-0 g.) with benzaldehyde (2-0 c.c.) in hot N-hydrochloric acid (50 c.c.) and alcohol 
(5-0 c.c.) gave the dibenzylidene derivative, pale yellow plates (from propyl alcohol) (0-8 g.), 
m. p. 245—246° (decomp.) (Found: C, 60-0; H, 46; S, 9-9. C,,H,,N,5 requires C, 59-6; 
H, 4-4; S, 9-9%). The second fraction (0-4 g.) was clearly a mixture. But the third and 
fourth fractions (2-8 and 2-2 g., respectively) consisted almost entirely of colourless leaflets and 
were combined and crystallised from water, giving colourless leaflets, m. p. 237° (decomp.), 
of 3-hydrazino-5-mercapto-1 : 2: 4-triazole (IV) (Found: C, 18-5; H, 4:3; N, 52-8; S, 24-0. Calc. 
for C,H;N,;S: C, 18:3; H, 3-8; N, 53-4; S, 24.4%). Arndt and Bielich give m. p. 240—242° 
(decomp.), and Fromm and Wetternick m. p. 248°. Purification by way of the sparingly 
soluble nitrate, and crystallisation from water, gave plates, m. p. 240—241° (decomp.) (Found : 
C, 18-2; H, 38%). 

The following arylidene derivatives of 3: 4-diamino-5-mercapto-4 : 2: l-triazole were 
obtained in good yield by shaking a solution of the triazole (2-6 g.) in hot water (150 c.c.) con- 
taining concentrated hydrochloric acid (0-1 c.c.) for 0-5 hour with the aldehyde (3-0 g.) in alcohol 
(10 c.c.), and crystallising the precipitate from aqueous alcohol or alcohol: 4(3)-benzylidene- 
amino-, pale yellow leaflets, m. p. 215—216° (Found: C, 49-3; H, 4:2. Calc. for C,H,N;S: 
C, 49-3; H, 4:1%) (Arndt and Bielich, loc. cit., give m. p. 215°), 4(3)-p-methoxybenzylidene- 
amino-, pale yellow needles, m. p. 222—224° (Found: C, 48-5; H, 4:8; S, 12-8. C,,H,,ON,S 
requires C, 48-2; H, 4-4; S, 12-85%), and 4(3)-p-chlorobenzylidene-, small colourless needles, 
m. p. 260—261° (decomp.) (Found: C, 42-6; H, 3-1; S, 13-1. C,H,N,CIS requires C, 42-6; 
H, 3-2; S, 12°6%). 

The following substantially colourless arylidene derivatives of 3-hydrazino-3-mercapto- 
1: 2: 4-triazole were obtained similarly: benzylidene-, plates, m. p. 268—269° (decomp.) 
(Found: C, 49-1; H, 3-9; S, 14-9. Calc. for C,H,N,;S: C, 49-3; H, 4-1; S, 14-6%) (Arndt and 
Bielich give m. p. 274°), p-methoxybenzylidene-, plates, m. p. 264—265° (decomp.) (Found : 
C, 48-3; H,46; S, 12-7. C,9H,,ON,S requires C, 48-5; H, 4-8; S, 12-8%), and p-chlorobenzyl- 
idene-, prisms, m. p. 276° (decomp.) (Found: C, 42-8; H, 3-3. C,H,N,CIS requires C, 42-6; 
H, 3-2%). 

3 : 4-Diamino-5-methylthio-4 : 1 : 2-triazole.—The triazole (II) (26-0 g.) in N-sodium hydroxide 
(210 c.c.) was shaken with methy] iodide (16-0 c.c.) and alcohol (40 c.c.) for 1 hour, and the mix- 
ture neutralised with acetic acid, cooled in ice, and seeded. After 24—36 hours the crystals 
(17-6 g.) were crystallised from a small volume of water, giving the methylthio-compound as 
colourless flat needles (13-5 g.), m. p. 184—186° [Found: C, 24:9; H, 4:8; S, 22-1%; M 
(cryoscopic in water), 158, 160. C,H,N,S requires C, 24:8; H, 4:8; S, 22-1%; M, 145). In 
the initial experiment nothing separated from the methylation liquid and the methylthio-com- 
pound was isolated by ether-extraction. 

3-Hydrazino-5-methylthio-1 : 2 : 4-triazole—The hydrazinotriazole (26-0) g. was methylated 
as described above. Nothing separated on neutralisation, even after seeding and storage over- 
night, and the clear liquid was extracted with ether in an automatic apparatus for 24 hours. 
The residue left after evaporation was allowed to harden, sucked free from syrupy impurities, 
and crystallised from ethyl acetate—alcohol, giving the methylthio-compound as colourless 
plates (6-0 g.), m. p. 154—156°, which become rust-coloured when kept [Found: C, 25-1; 
H, 4-7; S, 21-8; M (cryoscopic in water), 154, 153}. 

The following (all yellow needles) were prepared by heating 3: 4-diamino-5-methylthio- 
4:1: 2-triazole under reflux for 1 hour in alcohol with 5 mols. of aldehyde and a catalytic 
amount of potassium hydroxide, dilution with water, and crystallisation from alcohol: 3: 4- 
Dibenzylideneamino-, m. p. 181—182° (Found: C, 63-6; H, 4:9; S, 10:3. C,,H,,O,N,S 
requires C, 63:5; H, 4:7; S, 100%), 3: 4-di-p-methoxybenzylideneamino-, m. p. 156—158° 
(Found: C, 59-7; H, 4:9; S, 8:3. C,,H,,O,N,S requires C, 59-9; H, 5-0; S, 8-4%), and 3: 4- 
di-p-chlorobenzylideneamino-5-methylthio-4 : 1 : 2-triazole, m. p. 212—214° (Found: C, 52-3; 
H, 3-2; S, 8-5. C,,H,3N,C1,S requires C, 52-3; H, 3-3; S, 8:2%). 

The following colourless derivatives (needles) of 3-hydrazino-5-methylthio-1 : 2 : 4-triazole 
were obtained under similar conditions: benzylidene-, m. p. 255—257° (Found: C, 51-4; 


a 
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H, 4:6; S, 13-5. Cy9H,,N,;S requires C, 51-5; H, 4:7; S, 13-7%), 3-p-methoxybenzylidene-, 
m. p. 260—262° (Found: C, 49-9; H, 4:8; S, 12-2. C,,H,,ON,S requires C, 50-2; H, 4-9; 
S, 12-2%), and 3-p-chlorobenzylidene-, m. p. 290—292° (from 2-ethoxyethanol) (Found : C, 44-6; 
H, 3-5; S, 11-9. C,9H, N,;Cl,S requires C, 44-9; H, 3:7; S, 11-9%). 

3-Methylthio-5 : 6-diphenyl-1: 2:4: 7: 9-penta-azaindene (_V; R = SMe).—3: 4-Diamino- 
5-methylthio-4 : ] : 2-triazole (1-5 g.), benzil (2-1 g.), and alcohol (50 c.c.) were refluxed. There 
was no obvious change after 1 hour. Potassium hydroxide (0-1 g.) was added, whereupon 
immediately the solution became deeply coloured and golden-yellow crystals began to separate 
(cf. J.,.1950, 614). After 1 hour the aza-indene was collected and crystallised from alcohol—2- 
ethoxyethanol, giving golden-yellow, flat needles (1-8 g.), m. p. 201—202° (Found: C, 64-2; 
H, 4-1; N, 22-2; S, 10-1. C,,H,,3N;S requires C, 63-9; H, 4:1; N, 22-0; S, 10:0%). 

3: 4-Diamino-4 : 1 : 2-triazole (V1).—3: 4-Diamino-5-mercapto-4 : 1: 2-triazole (4-0 g.) in 
alcohol (100 c.c.) was stirred under reflux with Raney nickel (ca. 20 g.) for 1 hour. The hot 
filtered solution was evaporated and the residue crystallised from alcohol, giving large colour- 
less plates (1-0 g.) of the triazole (VI), m. p. 216—218° (Found: C, 24:5; H, 5-2; N, 71-0. 
C,H,N, requires C, 24-3; H, 5-0; N, 70-7%). It gave a benzylidene-, almost colourless plates, 
m. p. 241—242° (Found: C, 58-0; H, 4:9. C,H,N, requires C, 57-8; H, 4-8%), p-methoxy- 
benzylidene-, long deep yellow needles, m.p. 214—215° (Found: C, 55-4; H, 5-4. C,)H,,ON; 
requires C, 55-3; H, 5-1%), and p-chlorobenzylidene-derivative, small colourless needles, m. p. 
223—225° (Found: C, 48-8; H, 3-7. C,H,N,Cl requires C, 48-8; H, 3-6%). 

5 : 6-Diphenyl-1 : 2:4: 7: 9-penta-azaindene (V; R = H).—This compound, obtained from 
3: 4-diamino-4 : 1 : 2-triazole (1-0 g.) as described for the 3-methylthio-derivative, crystallised 
from alcohol in flat orange-red needles (1-6 g.), m. p. 182—183° (Found: C, 70-2; H, 4-1; 
N, 25:6. C,,H,,N, requires C, 70-3; H, 4-0; N, 25-7%). 


3-Benzylidenehydrazino-1 :2:4-triazole (VII; R Ph) .—3-Benzylidenehydrazino-5-mer- 
capto-1 : 2: 4-triazole (5-0 g.), alcohol (200 c.c.), and Raney nickel (ca. 20 g.) were refluxed with 
stirring for 1 hour and the hot filtered solution evaporated under reduced pressure. The residual 
base was crystallised several times from aqueous alcohol, giving colourless felted needles (2-0 g.), 
m. p. 226—228° (Found: C, 57-5; H, 4:8; N, 36-8. C,H,N, requires C, 57-8; H, 4:8; N, 
37-4%). 

3-p-Methoxybenzylidenehydrazino-, colourless needles, m. p. 211—212° (from alcohol) 

H, 5-1 


(Found: C, 54:6; H, 5:2; N, 32-3. C,)9H,ON, requires C, 55-3; N, 32:2%), and 
p-chlorobenzylidenehydrazino-| : 2: 4-triazole, pale yellow felted needles, m. p. 249—251° (from 
aqueous alcohol) (Found: C, 48-5; H, 3-8; N, 31-0. C,H,gN,Cl requires C, 48-7; H, 3-6; 
N, 31-6%), were prepared similarly. 

4-A mino-3-hydrazino-5-mercapto-4 : 1 : 2-triazole (V111).—This compound, obtained by Stollé 
and Bowles’s method (loc. cit.) from 2: 5-dimercapto-1 : 3: 4-thiadiazole (IX) (Busch, Ber., 
1894, 27, 2507), crystallised from water, in which it was very sparingly soluble, in long colourless 
needles, m. p. 230—231° (not depressed by the compound isolated as above) (Found: C, 16-6; 
H, 4:2%). 4-Benzylideneamino-3-benzylidenehydrazino-5-mercapto-4 : 2: 1-triazole, prepared 
as previously, formed pale yellow plates, m. p. 245—246° also undepressed by the compound 
prepared as above (Found: C, 59-3; H, 4:6%). 

4-Benzylideneamino-3-benzylidenehydrazino-4 : 1 : 2-triazole——The mercaptotriazole (3-5 g.) 
was stirred vigorously under reflux in alcohol (350 c.c.) with Raney nickel (about 20 g.) for | 
hour. Theclear filtrate was evaporated under reduced pressure and the residual base crystallised 
several times from alcohol, giving pale yellow needles (0-8 g.), m. p. 211—213° (decomp.) (Found : 
C, 65:9; H, 5-1; N, 29-2. C,,H,,N, requires C, 66-2; H, 4-8; N, 29-0%). 
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940. Fermentation Products of Wheat Germ. (a) Identification of 
Methoxy- and 2 : 6-Dimethoxy-p-benzoquinone. (b) Infra-red Absorp- 
tion of Some Quinones and 1 : 2-Dicarbonyl Compounds. 


By D. J. Coscrove, D. G. H. Dantes, J. K. WHITEHEAD, 
and (in part) J. D. S. GOULDEN. 


The compounds isolated by Vuataz (Helv. Chim. Acta, 1950, 33, 433) 
from wheat germ fermented with baker’s yeast have been identified 
as methoxy-p-benzoquinone and 2: 6-dimethoxy-p-benzoquinone. Certain 
1 : 2-dicarbonyl derivatives of furan have been prepared which are related 
to the structure originally put forward for the above compounds. The infra- 
red absorption spectra of some f-benzoquinones, glyoxals, and 1: 2-di- 
ketones have been examined. 


(a) THE elimination of free glutathione in wheat germ after fermentation with baker's 
yeast (Hullett and Stern, Cereal Chem., 1941, 18, 561) was shown by Vuataz (Helv. Chim. 
Acta, 1950, 33, 433) to be brought about by combination with a specific product (A) of the 
fermentation; this he isolated and characterised as a dicarbonyl compound, C,H,Oz, 
which he formulated as furfurylglyoxal. This was accompanied by a compound (B), 
which did not combine with glutathione but otherwise resembled the active material; 
no structure was suggested for this. Compound A has now been identified as methexy-/- 
benzoquinone and compound B as 2 : 6-dimethoxy-p-benzoquinone (cf. Cosgrove, Daniels, 
Greer, Hutchinson, Moran, and Whitehead, Nature, 1952, 169, 966). 

The formula C,;H,O, for compound A was confirmed and a methoxyl group detected. 
Reductive acetylation gave methoxyquinol diacetate. Acetylation under Thiele conditions 
gave 1 : 4: 5-triacetoxy-2-methoxybenzene, which had been prepared, but not identified, 
by Vuataz (loc. cit.). These derivatives were identical with authentic specimens 
(Erdtmann, Proc. Roy. Soc., 1933, A, 148, 177, 191) and prove the nature of A. 

Compound B had the formula C,H,O, and contained two methoxyl groups. Reductive 
acetylation gave 2 : 6-dimethoxyquinol diacetate, so that B was 2 : 6-dimethoxy-p-benzo- 
quinone, and this was confirmed by comparison with an authentic specimen, 

The light absorption and infra-red spectra of A and B were identical with those of 
authentic specimens. 

Before adequate supplies of compound A became available unsuccessful attempts were 
made to synthesise furfurylglyoxal. Some isomers incorporating a furan ring and two 
carbonyl groups were however prepared. Oxidation of 3-2’-furylpropaldehyde with 
selenium dioxide (Riley, Morley, and Friend, J., 1932, 1875) gave no isolable product, but 
1-2’-furylacetone gave a poor yield of 1-2’-furylpropane-1 : 2-dione (but no furfuryl- 
glyoxal), this structure being confirmed by identity of the product with that 
obtained from 2-propionylfuran. An attempt to prepare furfurylglyoxal by hydrolysing 
and decarboxylating the condensation product of ethyl yy-diethoxyacetoacetate and ethy] 
2-furylacetate (cf. Dakin and Dudley, J. Biol. Chem., 1914, 18, 29) failed. 5-Methyl-2- 
furylglyoxal was prepared by Kipnis and Ornfelt’s method (J. Amer. Chem. Soc., 1948, 
70, 3948). 

(b) Infra-red Absorption Spectra [By J. D. S. GOULDEN].—The table lists the carbonyl] 
stretching frequencies (cm.“4) of some of the compounds examined (in chloroform), togethe: 
p-Benzoquinone 1676, 1660 Phenylglyoxal , 1704 
Methoxy-p-benzoquinone 1691, 1657 2-Furylglyoxal 55, 1686 
2 : 6-Dimethoxy-p-benzoquinone ... 1701, 1648 5-Methyl-2-furylglyoxal . 53, 1680 


1-2’-Furylpropane-1 : 2-dione 
Furil 


with those of some related compounds. Each of the glyoxal derivatives showed two 
carbonyl frequencies, the lower frequency bands in each case being of greater intensity than 
the higher. From the lists of characteristic carbonyl frequencies given by Hartwell, 
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Richards, and Thompson (J., 1948, 1436) and by Cross and Rolfe (Trans. Faraday Soc., 
1951, 47, 354), the higher-frequency band can in each case be assigned to the aldehyde 
group, and the lower to the keto-group conjugated with the furan or benzene ring. This 
is supported by the work of Thompson (Trans. Faraday Soc., 1940, 36, 988) who showed 
that the carbonyl stretching frequency of glyoxal in the vapour state has a value of 
1730 cm.7}. 

Rasmussen, Tunnicliff, and Brattain (J. Amer. Chem. Soc., 1949, 71, 1068) have shown 
that little or no interaction takes place across the -CO-CO- bond of 1 : 2-diketones and this 
has been confirmed by unpublished work of the authors. It was therefore expected that 
the two carbonyl frequencies of 1-2’-furylpropane-1 : 2-dione would be very close to those 
of furil and diacetyl. The infra-red spectrum of 1-2’-furylpropane-l : 2-dione shows 
these expected frequencies and thus confirms the identity of the compound. 

The electron-insulating effect of a methylene group in furfurylglyoxal should con- 
siderably reduce the conjugation of the keto-group with the furan ring. By comparison with 
the results of Hartwell, Richards, and Thompson (loc. cit.), its two carbonyl frequencies 
should be in the region of 1730 cm.-!._ Substance A had an infra-red absorption spectrum 
identical with that of methoxy-f-benzoquinone, both carbonyl frequencies being less than 
1700 cm.*}. 

EXPERIMENTAL 

M. p.s are uncorrected. Microanalyses are by Drs. Weiler and Strauss, Oxford. 

Identification of Compound A.—Compound A, isolated from fresh defatted wheat germ 
(Vuataz, loc. cit.), formed yellow needles or light brown plates, m. p. 143—144°, from ethyl 
acetate-light petroleum (b. p. 60—80°; 1:4) [Found: C, 61:0; H, 4:3; OMe, 22-8%; 
M (Barger’s method), 140. Calc. for CgH,O,°OMe: C, 60-9; H, 4:35; OMe, 22-59%; M, 138}. 
The m. p. was not depressed by admixture with authentic methoxy-p-benzoquinone (Erdtmann, 
loc. cit.). Light absorption of both compounds in chloroform: Max. at 2540 and 3600 A; 
€ 15,800 and 1560 respectively. 

Reductive acetylation gave colourless needles which, when recrystallised from methanol, 
had m. p. alone and mixed with authentic methoxyquinol diacetate, 94—-95° (Found: C, 58-7; 
H, 5°5. Calc. for C,,H,,0,;: C, 58-9; H, 5-4%). 

Acetylation under Thiele conditions gave colourless needles which, when recrystallised 
from aqueous acetic acid, had m. p. alone and mixed with authentic 1: 4: 5-triacetoxy-2- 
methoxybenzene, 141—142° (Found: C, 55:4; H, 4-9. Calc. for C,,H,,0O,: C, 55-3; H, 
5-0° 

Identification of Compound B.—Compound B was isolated from the fermentation mixture 
as yellow needles from ethyl acetate, m. p. 259—260° [Vuataz, loc. cit., gives m. p. 244—245° 
decomp.)| [Found : C, 57-2; H, 4:7; OMe, 36-0. Calc. for C,H,O,(OMe),: C, 57-1; H, 4:8; 
OMe, 36-9%|. The m. p. was not depressed with an authentic specimen of 2 : 6-dimethoxy-p- 
benzoquinone (Baker, J., 1941, 665). Light absorption of natural and synthetic specimens in 
chloroform: Max. at 2880A: ¢ 16,600 (Braude, J., 1945, 490, gives max. at 2880 and 
3320 A; ¢ = 15,400 and 1670 respectively for a specimen having m. p. 236°). 

Reductive acetylation gave colourless needles. Recrystallised from light petroleum (b. p. 
80—100°) they: had m. p., alone and mixed with authentic 2: 6-dimethoxyquinol diacetate, 
127—-128° (Erdtmann, loc. cit., gives 133° for a specimen crystallised from acetic acid, 128° 
when recrystallised from water; Hofmann, Ber., 1878, 11, 333, and Hesse, Annalen, 1893, 276, 
332, give 128° for material recrystallised from water) (Found: C, 57-1; H, 5:8. Calc. for 
C,3H,,0,: C, 56:7; H, 55%). 

1-2’-Furylpropane-1 : 2-dione.—(a) From 1-2’-furylacetone. 1-2’-Furylacetone was prepared 
in 33% yield by hydrolysing and decarboxylating the product formed by condensing ethyl 
«-chloropropionate (Frankland and Garner, J., 1914, 105, 1101) and furfuraldehyde (Darzens, 
Compt. vend., 1906, 142, 214). The ketone (15 g.) was added to a solution of selenium dioxide 
(13-6 g.) in dioxan (75 c.c.) and water (2-5 c.c.) at 50°. The mixture was refluxed and stirred 
for 4 hours. Next morning the selenium was filtered off with suction on a pad of paper pulp 
and the solvent removed in vacuo from the filtrate. The tarry residue was chromatographed in 
chloroform on activated alumina. The impurities were strongly adsorbed and a yellow band 
was eluted with chloroform. The oil recovered from the eluate and distilled in vacuo gave 1-2’- 
furylpropane-1 : 2-dione, b. p. 94—95°/16 mm., yellow plates [from ethyl acetate-light 
petroleum (b. p. 60—80°, 1: 2)], m. p. 64—65° (2-9 g.) (Found: C, 60-6; H, 4:15. C,H,O, 
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requires C, 60-9; H, 4-35%). Light absorption in ethanol: Max. at 2820 A; ¢ = 8270. The 
2 : 4-dinitrophenylhydrazone formed dark red needles (from aqueous acetic acid), m. p. 208 
209° (Found: C, 48-6; H, 3-2; N, 17-3. C,3H,O,N, requires C, 49-0; H, 3-1; N, 17-5%). 

(b) From 2-propionylfuran. Furan (46 g.) was acylated at 10—15° with propionic 
anhydride (102 g.) and hydriodic acid (1-2 c.c.; d 1-70) (Hartough and Kosak, ]. Amer. Chem. 
Soc., 1946, 68, 2639). 2-Propionylfuran, obtained in 43% yield (b. p. 78—80°/17 mm.) (Gilman 
and Calloway, J. Amer. Chem. Soc., 1933, 55, 4197), was oxidised with selenium dioxide as 
described above. Refluxing was continued for 5$ hours but the reaction was not complete. 
After removal of the selenium and unchanged starting material under reduced pressure, 1-4 g. 
of 1-2’-furylpropane-1 : 2-dione distilled. Recrystallised from ethyl acetate—light petroleum 
(b. p. 60—80°; 1: 2), it had m. p. 60—61° alone and mixed with sample obtained from 1-2’- 
furylacetone (Found: C, 60-7; H, 46%). 

5-Methyl-2-furylglyoxal. 2-Methylfuran (Kizhner, J. Gen. Chem. U.S.S.R., 1931, 1, 1212) 
was acetylated at 0—10° by use of hydriodic acid (d 1-70). 2-Acetyl-5-methylfuran was 
oxidised with selenium dioxide as above. 5-Methyl-2-furylglyoxal (9% yield) distilled as a 
yellow oil, b. p. 109—110°/20 mm. Its semicarbazone, m. p. 213—215°, formed colourless 
rosettes from isoamy] alcohol (Found: C, 49-5; H, 4:7; N, 21:3. C,H,O,N, requires C, 49-2; 
H, 4-65; N, 21-5%). 

2-Furylglyoxal (Kipnis and Ornfelt, loc. cit.), b. p. 65—66°/4 mm., phenylglyoxal (Riley and 
Gray, Org. Synth., 1943, Coll. Vol. II, 509), b. p. 190°/150 mm., and diacetyl (B.D.H.), b. p. 88°, 
were freshly distilled before examination of their spectra. Furil (Hartman and Dickey, 
J. Amer. Chem. Soc., 1933, 55, 1228), recrystallised from methanol, had m. p. 162—163°. 

The infra-red spectra were examined in a 1-l-mm. cell with a Grubb Parsons $.3 
Spectrometer and a rock-salt prism and a.c. thermocouple detector. 

The light absorption measurements were made in a Unicam S.P. 500 Quartz Spectro- 
photometer employing 1-0-mm. celis. 


We are grateful to Dr. C. Potter, Head of the Department of Insecticides and Fungicides, 
The Rothamsted Experimental Station, Herts., for providing facilities for the light absorption 
measurements, and to Mr. M. Elliott, B.Sc., for advice and assistance. 
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941. Oxazole Cyanine and meroCyanine Dyes, and Intermediates. 
By R. A. JEFFREYS. 


A direct synthesis of 2-methyl-4-(or 4: 5-di-)substituted oxazoles from 
phenacy] bromides and ammonium acetate has been achieved. The syntheses 
due to Japp and Murray and to Davidson et al. have been extended to 4: 5-di- 
alkyl- and 4-aryl-oxazoles respectively. These oxazoles, together with 
2-methyloxazole, have been quaternised and converted into cyanine and 
merocyanine dyes. A comparison of the dye absorption maxima throws some 
light on to the spatial configuration of 4- and 5-aryl substituents in the oxazole 
nucleus. In the Davidson synthesis of diaryloxazoles, prolonging the 
reaction period slowly converts the oxazoles into the corresponding 
glyoxalines. 


In parallel with an investigation into the chemical and photographic properties of 
substituted thiazole dyes (Knott, J., 1952, 4099) it was considered of value to prepare and 
examine the 4 : 5-disubstituted oxazole analogues. The cyanines and merocyanines, which 
were also useful as intermediates for more complex trinuclear dyes (cf. B.1.0.S. Final Report 
No. 1355, Item No. 22), proved to be strong sensitisers. 

The preparation of 2-methyloxazole by Cornforth and Cornforth (J., 1947, 96) enabled 
us to derive the simplest dyes of the series. A general oxazole synthesis by dehydrating 
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the related «-acylamino-carbonyl compounds (Zinsstag and Prijs, Helv. Chim. Acta, 1949, 
32, 147; Gabriel, Ber., 1910, 48, 1283) was used to synthesise 5-aryl-2-methyloxazoles. 
The 4- and 4: 5-substituted analogues were obtained by modifications of a general reaction 
between a-acetoxy- (I), «-bromo- (II), and «-hydroxy-ketones (III) with ammonium acetate 
(Davidson, Weiss, and Jelling, J. Org. Chem., 1937, 2, 328), acetamide (Bliimlein, Ber., 
1884, 17, 2578; Lewy, Ber., 1887, 20, 2576; 1888, 21, 924), or acetonitrile (Japp and 
Murray, J., 1893, 63, 469). The procedure of Davidson ef al. and of Japp and Murray was 
extended to the synthesis of a 2 : 4-substituted and a 2 : 4: 5-trialkyl-oxazole respectively. 
As an alternative to Davidson’s method oxazoles were obtained from phenacyl bromides 
(Il; X = aryl, Y = H or aryl) and ammonium acetate in acetic acid, the yields improving 
to 80—90% for (IL; Y = aryl). 


Y-CH-O-COMe Y-C-O-CC aa NH,OAc ¥°Co | ~H,O Yc’ 
| ! ss ' oo 
X-CO —- X'‘C’OH ? X°C-NH, 


(I) wor (V) 


Or7. 

Y-CHBr —_ +» Y-°CBr Y-CH-OH 4. CM —s Bb: CMe | 

X-CO X°C-OH X-CO N X-CO NH,Cl 
(II) (IIT) (IV) 


In attempts to prepare a possible intermediate acetiminodesyl ether hydrochloride 
(IV; X = Y = C,H;), hydrogen chloride was passed into a mixture of benzoin and 
acetonitrile according to Pinner’s synthesis (Ber., 1878, 11, 6, 152) of simple imino-ethers. 
Various solvents were used, including benzene and acetic acid. However, even prolonged 
boiling of the reagents in acetic acid failed to produce the intermediate. 

As the reaction of phenacyl bromide with amides has been shown by Robinson (/., 1909, 
95, 2167) to give 2 : 4-substituted oxazoles, the similar reaction between phenacyl bromide 
and ammonium acetate might be expected to result in substitution in the same positions. 
This was confirmed in the cases of 4-p-methoxyphenyl-2-methyl- and 4-p-methoxyphenyl- 
2-methyl-5-phenyl-oxazole which were prepared by the latter method, and also by that of 
Davidson et al., whose synthesis is unambiguous and allows ring closure resulting in 4-f- 
methoxypheny! substitution. An intermediate amino-compound (V; X = Y = 2’-furyl) 
of the type suggested by Wiley (Chem. Reviews, 1945, 37, 410) was isolated from the 
preparation of 4 : 5-di-2’-furyl-2-methyloxazole from 2 : 2’-furoin acetate and ammonium 
acetate after 1 hour’s refluxing in acetic acid. This was the only case in which evidence of 
an intermediate amine was obtained. In an attempt to prepare 2-methyl-4 : 5-di-2’- 
thienyloxazole by an analogous reaction, the reaction time in acetic acid was increased to 
2 hours, to reduce the amount of intermediate amine formed. The products, which were 
precipitated together as an oil when the acid reaction solution was poured into water, 
proved to be the required oxazole and 2-methyl-4 : 5-di-2’-thienylglyoxaline in 28 and 
18°, vield respectively. Davidson et al. have shown that glyoxalines can be obtained in 
low yields by making alkaline the aqueous solution into which the acetic acid reaction 
mixture has been poured. These authors have put forward a mechanism of formation 
via intermediates (V), (VIIa) and (VIId), giving as evidence the formation of a glyoxaline 

Y-C-‘OH Y-CO 
(VIIa) X-C-NH-COR X-CH-NH-COR (VIIb) 


from (VIIb; R H) and ammonia. It has now been found that by prolonging the 
reaction period of benzoin acetate and ammonium acetate in acetic acid, the yields of 
oxazole and glyoxaline after 1 hour are 85° and 8°, and after 8 hours are 80 and 13-7%,. 
Further, when 2-methyl-4 : 5-diphenyloxazole is heated under reflux in acetic acid with 
ammonium acetate for 4 days, a 37% yield of 2-methyl-4 : 5-diphenylglyoxaline is obtained. 
These facts indicate that, although there may be some initial formation from acyclic 
intermediates, longer reaction periods favour glyoxaline formation by fission of the oxazole 
ring, and further nitrogen substitution. Examples of glyoxalines produced from oxazoles 
and ammonia are known (Lewy, Ber., 1888, 21, 2192; Japp and Murray, doc. cit.; Minovici, 
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Ber., 1896, 29, 2097), but the conditions of formation were far more vigorous, involving 
sealed tubes at high temperatures. 

All the oxazole bases prepared above were quaternised with alkyl toluene-p-sulphonates 
and the mainly water-soluble products condensed with ethylisoformanilide (cf. Knott, 
J., 1946, 120) to give 2-2’-anilinovinyloxazole salts (VIII), or treated directly with dye 
intermediates. Although 2: 2’-anilinoviny]-4-aryloxazole quaternary salts did not fluoresce, 
5-aryl- and 4 : 5-di-aryl analogues glowed in daylight, and emitted an intense yellow-green 
fluorescence in ultra-violet light. Preparation of merocyanines (X) and symmetrical 
carbocyanines were carried out by acetylation of the anilinovinyl intermediates, and 
condensation of the product with dye intermediates according to well-known methods. 


yA. AD 
—CH:CH:NHPh , »—(CH-CH),°CH=< A i \—CH-CH=,-- 
xl * 7 x ; 
NZ ’ B 
i z- R —— 
(VIIT) (X) 


Many of the 4: 5-diaryl substituted dyes were more soluble in organic solvents than 
were corresponding dyes derived from benzoxazole, notwithstanding their increased 
molecular weight, and there was also a marked increase in the solubility of 4-aryl- 
substituted dyes compared with their 5-aryl isomers. The absorption maxima of isomeric 
dyes also varied with the position of substitution in the oxazole ring. 

4-Aryl substitution of oxazole dyes increases the wave-lengths of the absorption 
maxima appreciably, and both 5-aryl and 4: 5-diaryl substitution cause very marked 
increases, the effects in the last two cases being of the same order for corresponding dyes. 
Thus, for dyes of types (IX and X), the bathochromic shift on 4-phenyl substitution is 
1—9 my, and for the 5-phenyl and 4: 5-diphenyl analogues it is 22—29 and 20—30 my 
respectively. These results imply that the —M effect of the 5-aryl group has a considerable 
contribution to make towards the resonance hybrid of the molecule, 
whereas the 4-aryl group has only a slight influence, which is 
almost entirely masked in the 4: 5-substituted dyes. One may 
interpret the variations by supposing that the 5-aryl group is 
coplanar with the oxazole ring, and the 4-aryl group is crowded 
out by a twisting of the C-C bond between the aryl ring and the 
oxazole ring, as is demonstrable in models. The crowded areas A 
and B are shown in the Figure. Support for this reasoning is 
derived by observation that the values for the absorption maxima 
of dyes of type (IX; = 0) and of symmetrical carbocyanines are 
the same for 4-methyl or 4-phenyl derivatives (Brooker, Keyes, 
and White, J. Amer. Chem. Soc., 1935, 57, 2492; Sachi Taki, Rep. 
Sct. Res. Inst., Japan, 1949, 25,224). Alsothe absorption maximum 
of the carbocyanine from planar benzoxazole is 485 my (Hamer, J., 1934, 2796), which is 
closer to the value for the corresponding 5-phenyloxazole dye (500 my) than to that for its 
4-pheny] isomer (460 my). 

As would be expected if the molecule is non-planar, substituents such as 4-methoxy or 
3: 4-dimethoxy in the 4-aryl ring produce no marked difference in Amax., and even a 4-di- 
methylamino-group causes an average bathochromic shift of only 9 mu. 

Kiprianov and Ushenko (J. Gen. Chem., U.S.S.R., 1950, 20, 139) have pointed out that 
the solubility effect mentioned previously is associated with non-planarity of the dye 
molecule. They have also stated that other phenomena which may be observed include 
decreased stability towards acids and alkalis, ineffective photographic sensitivity, and 
reduced dye intensity. None of these properties is exhibited by the present dyes since 
the non-planarity is extra-nuclear and the main resonance system is undistorted. 

Of the other oxazole dyes examined, the effect of 4: 5-di-2’-furyl and 4: 5-di-2’ 
thienyl groups was of the same order as that of 4 : 5-diphenyl, whereas 4 : 5-di-2’-naphthy! 
increased the wave-length of absorption maxima appreciably compared with that of its 
4 : 5-dipheny] analogues. 


KY 
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EXPERIMENTAL 
(Analyses were by Drs. Weiler and Strauss, Oxford. M. p.s are uncorrected.) 


8-Naphthoin Acetate-—To a mixture of $-naphthoin (Fulton and Robinson, J., 1939, 200) 
12-6 g.), acetic acid (10 c.c.), and acetic anhydride (10 c.c.) was added sulphuric acid (1 c.c.), 
with cooling and shaking. The mixture was warmed for 10 minutes on the steam-bath, cooled, 
and poured into water (120 c.c.). An oil separated, which was extracted with ether. This 
solution was dried (Na,SO,) and used for preparation of 2-methyl-4 : 5-di-2’-naphthyloxazole. 

2: 2’-Thienoin Acetate.—2 : 2’-Thienoin (Cardon and Lankelma, J]. Amer. Chem. Soc., 1948, 
70, 4248) (8-6 g.) and acetic anhydride (35 c.c.) were refluxed for lhour. The solvent was distilled 
off under a vacuum, and the product crystallised on addition of a small amount of alcohol to the 
gum. It recrystallised as plates (9-5 g., 939%), m. p. 103°, from ethanol (Found: S, 23-9. 
C,H ,,O,5, requires S, 24-0%). 

Attempts to Prepare «a-\-Iminoethoxydeoxybenzoin Hydrochloride (IV; X Y Ph) 
Benzoin (10-6 g., 1 mol.) and acetonitrile (2-05 g., 1 mol.) in ether (100 c.c.) were saturated with 
hydrogen chloride and kept overnight. The solvent was removed, leaving benzoin (10-4 g.) 
which, recrystallised from ethanol, had m. p. 136°. Use of benzene and refluxing gave the same 
result. 

Passing hydrogen chloride into the reagents in boiling acetic acid (100 c.c.) for 3 hours and 
removing the solvent produced a gum, which on extraction with ether gave benzoin acetate 
7 g.) which, recrystallised from methanol and light petroleum, had m. p. 82°. 

4: 5-Substituted 2-Methyloxazoles—Method A (cf. Davidson, Weiss, and Jelling, J. Org 
Chem., 1937, 2, 328). An aryloin acetate (1 mol.), ammonium acetate (5 mols.), and acetic acid 
1 1.) were refluxed for 1 hour, and the solution was cooled and poured into water (3-8 1.). The 
oil which separated was extracted with benzene, washed with aqueous sodium carbonate, and 
dried (Na,SO,). After removal of the benzene, the oxazole was distilled under a vacuum. 

Method B. A substituted w-bromoacetophenone (1 mol.), ammonium acetate (4 mols.), and 
acetic acid (1-5 1.) were refluxed for 1-5 hours, and the solution was cooled and poured into water 
51.). The oxazole was worked up as in Method A. 

Method C (cf. Japp and Murray, /., 1893, 63, 469). A mixture of an acyloin or aryloin 
1 mol.) and acetonitrile (2:6 mols.) was added slowly to sulphuric acid (500 c.c.), at <60 
cooling). The mixture was left overnight, then poured into water and crushed ice (3-5 1.), made 
alkaline with sodium carbonate, and extracted with chloroform. After drying (Na,SO,), the 
chloroform was distilled off, and the oxazole was distilled if an oil, or recrystallised if a solid 

2-Amino-1 : 2-di-2’-furylvinyl Acetate—In the preparation of 4: 5-di-2’-furyl-2-methy]- 
oxazole by Method A, after 2: 2’-furoin acetate (Fisher, Annalen, 1882, 211, 220) had been 
refluxed with ammonium acetate in acetic acid for 1 hour and the solution poured into water, 
a solid separated. This was dissolved in ether, and hydrogen chloride passed into the solution. 
\n alcoholic solution of the hydrochloride thus formed was dropped into aqueous sodium 
carbonate. The acetate so formed was filtered off and crystallised from benzene as a buff powder 
2 g.),m. p. 136° (Found: C, 62-0; H, 4-6; N, 6-1. C,,H,,0O,N requires C, 62-0; H, 4-7; N, 6-0%). 

Hydrogen chloride was passed into the benzene filtrate, precipitating a white hydrochloride. 
[his was crystallised from ethanol-ether, dissolved in alcohol, and dropped into aqueous 
arbonate solution. 4: 5-Di-2’-furyl-2-methyloxazole separated as a buff granular solid. 

2-Methyl-4 : 5-di-2’-thienylglyoxaline.—Pouring the di-2’-thienyloxazole reaction solution 
Method A, 2 hours’ reflux) into water gave an oil, which was dissolved in ether, dried, and 
precipitated as hydrochloride. This solid was dissolved in alcohol, and poured into aqueous 
carbonate solution, liberating a mixture of glyoxaline and oxazole as an oil. On extraction 
vith cold benzene, the oxazole dissolved, leaving as a solid the glyovxaline, which crystallised 
from benzene as pale grey-brown needles, m. p. 188° (18%) (Found: C, 58-5; H, 4:2; N, 11-4; 
S, 25-9. C,.H, N.S, requires C, 58-6; H, 4-1; N, 11-4; S, 26-0%). 

Reactions of Benzoin Acetate and 2-Methyl-4 : 5-diphenyloxazole with Ammonium Acetate. 
(a) Benzoin acetate (28-4 g., 1 mol.) and ammonium acetate (38-5 g., 5 mols.) in acetic acid 
(100 c.c.) were refluxed for 1 hour, and then poured into water (380 c.c.). The oil which 
separated was extracted with benzene, washed with aqueous sodium carbonate, and dried 
(Na,SO,). After removal of the benzene by distillation, 2-methyl-4 : 5-diphenyloxazole distilled 
(b. p. 227—228°/12 mm.) in 85% yield. Making the aqueous layer alkaline precipitated 
2-methyl-4 : 5-diphenylglyoxaline (1-9 g., 8-1%), which formed needles, m. p. 239°, from ethy] 
acetate. 
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b) When the reaction period was 8 hours, the vields of oxazole and glyoxaline were 18-8 g 
(80°,) and 3-2 g. (13-7%) respectively. 


TABLE 1. 4: 5-Substituted 2-methyloxazoles (V1). 
Method of Yield M. p. or Found: Reqd.: 
prepn.* (% mm.) Formula N, % N, % 
H D 74 
H E 
A { 100—101 ° 
H LB ‘ 
Ph . 58 
p-MeO-C,H, 2 j 94/ 11H ,,0,N 
, 80/167 og HON 
*ygH,O,N 
2’-Thienyl 2’-Thieny] 
Ph 
8-C,H; . , 
p-MeO-C,H, Ly - ee TH ssO,N 
p-NMe,°C,H, Cc j t ost sON, 9-4 10-1 
3:4: 1-(MeO),C,H, -— - 
* A, B, C, see text; D, Cornforth and Cornforth; E, Blimlein; F, Zinsstag and Prijs, Jocc. cit 
* From w-bromo-p-methoxyacetophenone (Cowper and Davidson, Org. Synth., 19, 24). * From 
n-butyroin (Snell and McElvain, Org. Synth., 18, 24). © From a-bromo-4-methoxydeoxybenzoin 
(Meisenheimer and Jochelson, Annalen, 1907, 355, 292). ¢ From a-bromo-3 : 4-dimethoxydeoxy 
benzoin (Kaufmann and Muller, Ber., 1918, §1, 129). * Needles, from ligroin. / Prisms, from light 
petroleum. 9% Pyridine-like odour. * Buff granular solid, from light petroleum. ‘ Amorphous 
from ligroin. The hydrochloride forms prisms (from methanol-—ether), m. p. 220° (Found: Cl, 9-4 
C,,H,;ON,HCI requires Cl, 9:-6%). 4 Needles, from ethanol. * The hydrochloride forms needles 
(from ethanol-ether), m. p. 179° (decomp.) (Found: N, 4:2. C,,H,,O,N,HCI requires N, 42%). 

(c) 2-Methyl-4 : 5-diphenyloxazole (23-5 g., 1 mol.) and ammonium acetate (38-5 g., 5 mols.) 
in acetic acid (100 c.c.) were refluxed for 4 days, giving 12-3 g. (52-5%) of oxazole and 8-7 g 
(37-2%) of glyoxaline. 

2-Methyl-4 : 5-diphenyloxazole Ethotoluene-p-sulphonate.—2-Methy]-4 : 5-diphenyloxazole 
(4-7 g., 1 mol.) and ethyl toluene-p-sulphonate (4-4 g., 1-1 mols.) were heated (oil-bath) at 140° 
for 2hours. When the resultant thick oil was heated with ether, it crystallised; it recrystallised 
from ethanol-ether as colourless deliquescent prisms. Other quaternary salts listed in Table 2 
were prepared by the same method, the time of heating and the temperature being varied. 

4-p-Dimethylaminophenyl-2-methyl-5-phenyloxazole Ethoperchlorate.—4-p-Dimethylamino- 
phenyl-2-methyl-5-phenyloxazole (27-8 g.) and ethyl toluene-p-sulphonate (20-0 g.) were heated 
together at 100° for 2 hours. On cooling the mixture solidified. It was dissolved in a little 
ethanol and poured into aqueous potassium perchlorate solution. The quaternary sali separated 
and was recrystallised several times from ethanol-ether, being obtained as pale buff needles, 
m. p. 162° (Found: N, 6-9; Cl, 8-5. CO, .H,,;0,;N,Cl requires N, 6-9; Cl, 8-7%). The same 
oxazole (2-78 g., 1 mol.) and ethyl toluene-p-sulphonate (4-0 g., 2 mols.) were heated at 140 
for 1 hour. The residual diquaternary salt was ground with ether to give a white deliquescent 
powder which was not further purified. Methyl toluene-p-sulphonate gave a similar product 

2-2’-Anilinovinyl-4 ; 5-diphenyloxazole Ethotoluene-p-sulphonate.—2-Methy]-4 : 5-diphenv]- 
oxazole ethotoluene-p-sulphonate (8-7 g., 1 mol.) and ethylisoformanilide (3-3 g., 1-1 mols.) 
were heated at 140° for 1 hour (cf. Knott, loc. cit.). Ethanol was evolved, and on cooling, the 
thick oily product solidified. It recrystallised from ethanol-ether as fluorescent lemon-yellow 
needles, m. p. 209° (10 g.) (Found: N, 5-2. (C,,H390,N,S requires N, 5:2%). The other 
2-2’-anilinovinyl quaternary salts listed in Table 2 were prepared by the same procedure. 

4: 5-Substituted 2-2’-Acetanilidovinyloxazole Ethotoluene-p-sulphonates.—The anilinovinyl 
quaternary salts were acetylated by an excess of boiling acetic anhydride for 0-25—4 hours. 
The solvent was then distilled off at the pump, and the gummy products were used to prepare 
dyes. 

2-p-Dimethylaminostyryl-4 : 5-diphenyloxazole Ethoperchlorate.—-2-Methy1-4 : 5-diphenyl- 
oxazole ethotoluene-p-sulphonate (2-2 g.) and p-dimethylaminobenzaldehyde (0-8 g.) were 
dissolved in ethanol (12 c.c.), and a drop of piperidine was added. After 1 hour’s heating on the 
steam-bath the solution was poured into aqueous potassium perchlorate. An oily salt separated, 
and the aqueous layer was decanted. On addition of a little methanol, the oil solidified; it 
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4832 Taylor: Some Reactions of Sarverogenin. 


crystallised from ethanol-ether as small orange prisms, m. p. 152° (Found: Cl 
C,,H,;0O,N,Cl requires Cl, 7-2%). It had Ayg,, 470 my in methanol. 

4-p-Dimethylaminophenyl-2-p-dimethylaminostyryl-5-phenyloxazole Ethoperchlorate.—4-p-Di- 
methylaminopheny1-2-methyl-5-phenyloxazole ethoperchlorate (2-0 g.) and p-dimethylamino- 
benzaldehyde (0-8 g.) were dissolved in ethanol (10 c.c.) with a drop of piperidine. After 1 hour’s 
heating on a steam-bath the solution was chilled, and the dye crystallised. It recrystallised 
from ethanol as red needles (orange reflex) (0-2 g.), m. p. 286° (Found: N, 7-7; Cl, 6-6. 
Cy,H3,0,;N,Cl requires N, 7-8; Cl, 66%). It had ,,,, 481 my in methanol. 

3-Ethyl-4 : 5-diphenyl-2-oxazole)[1-methyl-2-quinoline|methincyanine Iodide (Table 3).—2- 
Methyl-4 : 5-diphenyloxazole ethotoluene-p-sulphonate (2-2 g., 1 mol.) and 2-methylthio- 
quinoline methiodide (1-6 g., 1 mol.) with triethylamine (0-7 c.c., 1 mol.) in ethanol (15 c.c.) were 
heated for 15 minutes on the steam-bath. After chilling and filtration, the dye recrystallised 
from methanol as orange needles (2 g.), m. p. 286° (decomp.) (Found: I, 23-6. C,,H,,ON,I 
requires I, 23-9%). The dyes in Table 3 were prepared similarly. 

Bis-[3-ethyl-4 : 5-diphenyl-2-oxazole\trimethincyanine Perchlorate (Table 4).—2-Methy]l-4 : 5- 
diphenyloxazole ethotoluene-p-sulphonate (1:45 g., 1 mol.) and 2-2’-acetanilidovinyl-4 : 5-di- 
phenyloxazole ethotoluene-p-sulphonate [prepared from the 2-2’-anilinovinyl compound 
(1:79. g., 1 mol.) and acetic anhydride] with triethylamine (0-5 c.c.) in ethanol (12 c.c.) were 
heated for 1 hour on the steam-bath. The solution was poured into aqueous potassium 
perchlorate. The dye was filtered off, washed with a little ethanol, and recrystallised from 
pyridine—ethanol-ether as brown prisms (green reflex) (0-7 g.), m. p. 242° (decomp.) (Found: 
N, 4:4. C3,H,,0,N,Cl requires N, 4.4%). It had 2,,,, 507 my in methanol, with an inflection 
at 486 mu. The dyes in Tables 4, 5, and 6 were prepared by the same method. 

3-Ethyl-5-(3-ethyl-4 : 5-diphenyloxazolin-2-ylidene-ethylidene)-2-thio-oxazolid-4-one (Table 7). 
2-2’-Acetanilidovinyl-4 : 5-diphenyloxazole ethotoluene-p-sulphonate [prepared from the 
2-2’-anilinovinyl intermediate (2-68 g., 1 mol.) and excess of acetic anhydride] and 
3-ethyl-2-thio-oxazolid-4-one (Ahlqvist, J]. pr. Chem., 1919, 99, 60) (0-73 g., 1 mol.) with 
triethylamine (0-7 c.c.) in ethanol (15 c.c.) were refluxed for 15 minutes (cf. Brooker, 
U.S.P. 2,177,401). The solution was then chilled and filtered, and the dve washed with a little 
ethanol and crystallised from ethanol as long orange-red needles, m. p. 232° (Found: S, 7:8. 
C.,H..O,N,5 requires S, 7-7%). 


The dyes in Tables, 7, 8, 9, and 10 were prepared similarly. The dyes in Table 10 possessing 
a 2-ethylthiothiazol-5-one nucleus were prepared either by the above method or from the 
4: 5-substituted 2-methyloxazole quaternary salt and 4-ethoxymethylene-2-ethylthiothiazol- 
5-one (cf. Cook, Harris, and Shaw, J., 1949, 1435; Aubert, Knott, and Williams, ]., 1951, 2185). 

In Tables 3—10, ‘‘i’’ after the absorption maximum indicates an inflection, and in Table 10 
‘p” indicates a minor peak. 


The author thanks Mrs. M. E. Turner and Miss M. E. Cole for carrying out absorption 
measurements, and Mr. A. Pilbeam for the preparation of intermediates. 


RESEARCH LABORATORIES, KODAK LIMITED, 
HARROW, MIDDLESEX Received, June 6th, 1952 





942. Some Reactions of Sarverogenin. 
By D. A. H. TAYLor. 


Sarverogenin, a cardiac aglycone occurring in several species of Strophan- 
thus, has been degraded by ozonolysis and periodic acid oxidation. Some 
properties of the degradation products are reported. 


SARVEROGENIN was first isolated by von Euw, Katz, Schmutz, and Reichstein (Festschrift 
Prof. Paul Casparis, Ziirich, 1949, p. 178; cf. Buzas, von Euw, and Reichstein, Helv. 
Chim. Acta, 1950, 38, 465) from the seeds of certain samples of Strophanthus sarmentosus 
P.DC., in which it occurs in combination with the sugar D-sarmentose as the highly cardio- 
active glycoside sarveroside. The aglycone is of common occurrence in Strophanthus 
species but has not been reported from any other genus. 





(1952) Taylor: Some Reactions of Sarverogenin. 4833 


Buzas et al. (loc. cit.) have shown that sarverogenin, to which they ascribe the formula 
C,H 907, gives a crystalline dibenzoate, and a positive reaction in the Legal test, indicative 
of the presence of an «$-unsaturated butenolide grouping, such as occurs in other cardiac 
aglycones. Sarverogenin shows the strong ultra-violet absorption at about 218 my 
characteristic of this grouping, and a weak secondary maximum at 277-5 muy, indicating 
the presence of a carbonyl group, although the substance does not react with the usual 
carbonyl reagents. These authors oxidised sarverogenin by chromic acid to a yellow 
substance, sarverogenone, apparently identical with “‘ substance no. 782’ from the seed 
of S. sarmentosus. 

The present author has obtained sarverogenin from the seeds of S. amboénsis, S. cour- 
montit, S. sarmentosus, and S. intermedius, and found it identical in melting point and 
colour reactions with a specimen kindly provided by Professor T. Reichstein. However, 
analyses agree with the formula C,,H,,0, rather than with the C,,H,,0,, but a final decision 
on this is postponed. 

Of the seven oxygen atoms, two are accounted for in the unsaturated lactone ring, 
one as a carbonyl] group, and two as hydroxyl groups. Active-hydrogen determination 
(Zerewitinoff) yields slightly more than three molecular proportions of methane, which, 
in consideration of the small amount always liberated by the unsaturated lactone grouping 
(Paist, Blout, Uhle, and Elderfield, J. Org. Chem., 1941, 6, 273), indicates the presence of 
a third hydroxyl group which is either tertiary or sterically hindered. There is as yet no 
evidence of the nature of the seventh oxygen atom. 

Sarverogenin, unlike other cardiac aglycones, is not affected by refluxing with sulphuric 
acid (up to 5% v/v) in methanol, whereas sarmentogenin, for example, is converted into 
an anhydro-compound under these conditions (Callow and Taylor, J., 1951, 2299). This 
property is useful in obtaining sarverogenin from difficultly hydrolysable glycosides con- 
taining 2-hydroxy-sugars linked directly to the genin nucleus; thus panstroside (sarvero- 
genin digitaloside) is readily hydrolysed by acid of this concentration. Use of stronger 
acid gives lower recovery of sarverogenin and coloured substances, but even after 0-5 
hour’s refluxing with 10% (v/v) sulphuric acid in methanol about half of the original 
material can be recovered. 

In alkali sarverogenin is extremely labile, a solution in alcoholic potash becoming 
rapidly yellow, but no crystalline material has been isolated from the product. 

Sarverogenin readily consumes one mol. of periodic acid in aqueous dioxan or methanol, 
producing a compound, C,,H390,, which has an ultra-violet absorption spectrum indis- 
tinguishable from that of sarverogenin itself, indicating that the lactone ring and a carbonyl 
group are still present. This compound is not extracted from chloroform by sodium 
hydrogen carbonate solution, though it is extracted with sodium carbonate and recovered 
after acidification, nor does it react with ethereal diazomethane or the usual carbonyl 
reagents. Acetic anhydride in pyridine gave only an amorphous acetate. 

Further oxidation with chromic acid in acetic acid gives a good yield of a substance 
Cy3H_g0 which still has the characteristic ultra-violet absorption spectrum, and is insoluble 
in sodium hydrogen carbonate solution and unaffected by ethereal diazomethane ; it does 
not yield an acetate. 

Sarverogenin dibenzoate is not oxidised by chromic or periodic acid, showing that the 
oxidation of sarverogenin by the latter reagent involves one of the acylatable hydroxy] 
groups. Since oxidation of a glycol does not increase the number of oxygen atoms in the 
molecule, the system oxidised by periodic acid must involve the carbonyl function, and, 
since carbon is not lost in the oxidation, the sarverogenin must be a secondary ketol. 

Brink and Wallis (J. Biol. Chem., 1946, 162, 667) showed that periodic acid oxidised 
3a : 128-dihydroxy-11-ketocholanic acid to an aldehydo-acid with pronounced steric 
hindrance of the aldehydo- and the carboxyl-group, and it is possible that a similar steroid 
ring-c ketol may be involved in the present case. 

Ozonolysis of sarverogenin diacetate gives an amorphous product which, after hydrolysis 
with potassium hydrogen carbonate and oxidation with periodic acid as described by 
Meyer and Reichstein (Helv. Chim. Acta, 1947, 30, 1508) for the degradation of digitoxigenin, 
gives a carboxylic acid, C,,H3g0,. The methyl ester, prepared with diazomethane, was 
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unchanged by phosphorus oxychloride and pyridine containing a trace of water at 110°, 
and although recovery decreased at higher temperatures no other crystalline material 
was obtained. 

The ester was also recovered unchanged after attempted hydrogenation over Adams’s 
catalyst and after treatment with chromic acid in acetic acid. Boiling methanolic 
sulphuric acid gave an amorphous substance, which however was not unsaturated to 
tetranitromethane and showed only ketonic absorption in the ultra-violet region. With 
alkali the ester, like sarverogenin itself, was labile, rapidly being converted into a yellow 
amorphous material; Wolff-Kishner reduction gave only an amorphous product. 

The diacetate of the acid reacts with hydrazine in methanol with the loss of one of the 
acetyl groups to give a monoacetate acid, CygH390,, which is oxidised by periodic acid, 
showing that it is the acetyl group vicinal to the carbonyl group which has been eliminated. 
Since 38 : 1la-diacetoxy-14$-hydroxyetianic acid is recovered unchanged after treatment 
with hydrazine under the same conditions, the ready loss of the acetyl group appears to 
be due to the influence of the carbonyl function. 


EXPERIMENTAL 


M. p.s were determined on the Kofler block, and rotations in a 4-dm. tube. 

Sarverogenin.—The richest source of sarverogenin so far found was in the seeds of an 
unidentified Strophanthus species obtained from Angola, probably S. intermedius, kindly 
provided by Dr. G. Taylor of the British Museum, Natural History. The minced seeds (218 g.) 
were extracted (Soxhlet) with methanol for 24 hours, at the end of which the residue was 
completely tasteless and was discarded. The extract was evaporated to about 200 c.c., extracted 
with light petroleum (2 x 400 c.c.), and diluted with 0-2n-sulphuric acid (250 c.c.). After 
extraction with a small amount of chloroform to remove the remainder of the oil and colouring 
matter, the solution was refluxed for 0-5 hour, cooled, and extracted with chloroform (2 x 250 
c.c.). Evaporation of the chloroform left a crystalline residue (6-2 g.) which after two crystal- 
lisations from methanol furnished pure sarverogenin (4-85 g.), m. p. 232—234°, [a]}? L 48-5 
(c, 0-16 in MeOH), Anax. 218 (log e 4-2) and 277-5 (log « 1-83) (Found: C, 65-8, 65-8; H, 6-9, 
7-0; active H, 0-78, 0-81. Calc. for C,,H,,0,: C, 66-0; H, 7-2; 3 active H, 0-71%). Sarvero- 
genin can crystallise in various forms with different m. p.s, but all of these go over to the form 
of m. p. 232—234° on recrystallisation from methanol. With 80% sulphuric acid it gave an 
immediate intense orange-red colour, which changed into a pure deep blue. 

The dibenzoate, prepared by the method of Buzas, von Euw, and Reichstein (Helv. Chim 
Acta, 1950, 38, 465), and chromatographed on neutralised alumina, crystallised from methanol, 
in which it was only slightly soluble, as a crystalline powder, m. p. 189° (Found: C, 70-6; 
H, 6-1. Calc. for C,;,H,;,0,: C, 70-9; H, 61%). With 80% sulphuric acid it slowly developed 
a carmine colour which eventually became greenish-blue. The colour reaction was much 
fainter than that given by sarverogenin under the same conditions, and the colours when 
compared side by side were distinct. 

Action of Periodic Acid on Sarverogenin.—Sarverogenin (78-5 mg.) in dioxan (5 c.c.) was 
treated with a standard solution (1 c.c.) of periodic acid. Next morning, estimation of the 
periodic acid in this and in a control solution with sodium thiosulphate showed that the sarvero- 
genin had consumed an amount of periodic acid equal to 3-0 c.c. of 0-1N-thiosulphate, which is 
equivalent to 0-82 mole of periodic acid per mole of sarverogenin. 

+ Then, sarverogenin (1 g.) in dioxan (100 c.c.) was treated with a solution of periodic acid 
(1 g.) in water (5 c.c.). After being kept overnight the solution was diluted with water and 
concentrated im vacuo to remove the greater part of the dioxan. The crystals which separated 
were combined with a further amount obtained by extracting the mother-liquor with chloro- 
form. After three crystallisations from methanol a substance (600 mg.) was obtained as prisms, 
m. p. 290—292°, [«]7? +.5-3° (c, 0-18 in chloroform), Aax. 217 (log ¢ 4:13) and 275 (log e 1-83) 
(Found, on samples dried at room temp.: C, 63-7, 63-4; H, 6-9, 6-9; after drying at 200° in 
vacuo: C, 63-9; H, 7:3; loss, 0-5%. C,3H3,O, requires C, 63-6; H, 6-9%). A small amount 
of sarverogenin could be recovered by careful working of the mother-liquors 

The substance gave a strongly positive Legal test, but with 80% sulphuric acid gave only 
a pale yellow colour. It was recovered unchanged after treatment with semicarbazide or 
hydroxylamine in pyridine, and after 1 hour’s refluxing in methanolic N-sulphuric acid. It 
gave no colour reaction with ferric chloride. 
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Oxidation of the Above Substance with Chromic Acid.—The substance (250 mg.) in acetic 
acid (5 c.c.) was treated with chromic acid (200 mg.) in water (2 c.c.). Next morning, the 
solution, which still contained unchanged chromic acid, was diluted with chloroform and water, 
and the organic layer washed with water, dried, and evaporated. The residue crystallised 
rapidly after dissolution in a little methanol, and after recrystallisation from acetic acid the 
substance had m. p. 228—231° (Found: C, 63-8, 64-0; H, 6-1, 6-35. C,,;H,,O, requires C, 64-2; 
H, 6-0%). It was insoluble in all common solvents; with sulphuric acid it gave a yellow 
colour; the Legal test was positive. 

Ozonolysis of Sarverogenin Acetate.—Sarverogenin (1 g.) was dissolved by gentle warming 
in pyridine (5 c.c.) and acetic anhydride (5 c.c.) and the solution left overnight. After dilution 
with methanol (10 c.c.) the solvents were removed in vacuo and the residual foam (1-4 g.) 
chromatographed ‘on neutral alumina (50 g.). The acetate was eluted by ether-chloroform 
All fractions remained amorphous but had sensibly the same optical rotation, [a]? +-26-8° 
(in CHCl,). The colour reaction with sulphuric acid was similar to that described for the 
benzoate. 

It has been found that a very suitable form of neutralised alumina for use with cardiac 
glycosides and related compounds can be prepared by washing ordinary activated alumina 
(Peter Spence, Type ‘“‘ H’’) made up in a column, with methyl formate and then with methanol. 
After drying at 100° the alumina is ready for use and does not require reactivation. The author 
is indebted to Dr. P. A. Robins for suggesting this method. 

The combined fractions (1-0 g.) from the chromatography were ozonised in ethyl acetate 
(100 c.c.) at —80° until the solution became bright blue, then warmed to room temperature 
Zinc dust (1 g.) and acetic acid (5 c.c.) were added, and the solution was kept for 0-5 hour and 
then diluted with water. The organic layer was washed with sodium hydrogen carbonate, 
dried, and evaporated, and the residual foam (1-2 g.) hydrolysed overnight with potassium 
hydrogen carbonate (1 g.) in water (30 c.c.) and methanol (65 c.c.). The solution was then 
diluted with water and ethyl acetate, and the organic layer dried and evaporated. To the 
residue (1 g.) in dioxan (45 c.c.), periodic acid (1-8 g.) in water (13 c.c.) was added. Next 
morning water and a drop of dilute sulphuric acid were added and the dioxan was removed 
in vacuo. The residue was extracted with ethyl acetate, the acidic part of the extract taken 
into sodium carbonate and then after acidification back in to chloroform, and the chloroform 
layer dried and evaporated. After addition of methanol the diacetoxy-acid (500 mg.) crystallised, 
and after recrystallisation from methanol had m. p. 234—236°, [«|#} +38-0° (c, 0-1 in CHCI,) 
(Found: C, 61-5, 61-8; H, 6-7, 6-9. C,,H,,0, requires, C, 62-1; H, 6-9%). The acid gave no 
colour with alcoholic ferric chloride. 

The crude acid (from sarverogenin, 2 g., but without chromatography of the acetate) with 
ethereal diazomethane gave the methyl ester (1-15 g.’ prisms (from methanol), m. p. 201—202°, 
[xij) +40° (c, 0-33 in CHCl ), Amax, 278-5 (log e« 1-78) (Found, on a sample dried at room tem- 
perature: OMe, 13-1, 13-4; OAc, 17-2; active H, 0-3. C,;H;,0,,;CH,-OH requires 20Me, 
12-15; 20Ac, 16-9; 2 active H, 0-4. In a sample dried at 100° in vacuo: C, 62-7, 62-8; H, 
7-1, 7-4; OMe, 7-2. C,,H;,0, requires C, 62-8; H, 7-1; lOMe, 65%). The ester gave no 
colour with alcoholic ferric chloride. 

Action of Hydrazine on the Diacetoxy-acid.—The acid (250 mg.) and hydrazine hydrate 
(0-5 c.c.) were kept in methanol (5 c.c.) overnight at room temperature, and the solution was 
diluted with water, acidified with dilute sulphuric acid, and extracted with chloroform. Evapor- 
ation gave the monoacetoxy-acid which crystallised from methanol in needles (200 mg.), m. p. 
253—255°, [a]}? +48-5° (c, 0-8 in CHCI,) (Found: C, 62-6, 62-7; H, 7-1, 7-0; OAc, 10-4; N, 0. 
C,.H 3,0, requires C, 62-6; H, 7-1; lOAc, 10-2%). Esterification with diazomethane gave a 
gum from which a few crystals, m. p. 145—150°, were obtained, but it has not been possible to 
obtain this ester satisfactorily crystalline. 

The acid product (200 mg.) absorbed 0-95 mol. of periodic acid but no crystalline product 
was isolated. 


The author expresses his gratitude to Dr. R. K. Callow for his interest, and to Professor 
T. Reichstein for gifts of Strophanthus seeds. 
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Hey, Honeyman, and Peal: 


943. The Steroid Series. Part II.* Further Reactions of 
Fucosterol and 24-Ketocholesterol. 


By D. H. Hey, JoHN HoNneEyMAN, and W. J. PEAL. 


Evidence is presented confirming the structure of fucosterol set out in 
Part I. Differences in the reactions of cholesterol and fucosterol and their 
derivatives with thionyl chloride and hydrochloric acid, due to the double 
bond in the side-chain of fucosterol, are noted.’ 


As reported in Part I,* the isolation of 24-ketocholesterol and acetaldehyde after ozonolysis 
of fucosterol completed the elucidation of the structure of this compound. Bergmann and 
Klosty (J. Amer. Chem. Soc., 1951, 73, 2935) report that they have independently verified 
our results. Further confirmatory evidence has now been obtained and the full results 
are summarised in Table 1, which shows clearly that 24-ketocholesterol and its derivatives 
prepared by us from fucosterol are identical with the compounds prepared by Kaye and 
Riegel (J. Amer. Chem. Soc., 1944, 66, 723) from 3-hydroxycholenic acid. 


TABLE 1. 
Prepared by Prepared from 
direct ozonolysis 24-ketocholesterol 
Prepared by of the fucosterol obtained by 
Kaye and Riegel derivative ozonolysis 
Compound M. ; M. : M 
24-Ketocholesterol 
acetate 
toluene-p-sulphonate 2 35 118 
24-Ketocyclocholestery] methyl ether 90-5—91-5 + 5% 90-5— - 90 
24-Hydroxycholesterol 168—16$ . 166 
diacetate 95—96 — _— — 93 


One method available for protecting the nuclear double bond of fucosterol during 
ozonisation involved the preparation of cyclofucosteryl methyl ether. The general process 
for making derivatives of this type (Beynon, Heilbron, and Spring, J., 1936, 907) gave a 
mixture, chromatographic separation of which yielded an oil (40°), [#Jp +-51°, fucosteryl 
methyl ether (10%), and fucosterol (40°). The oil was shown to be cyclofucosteryl 
methyl ether by conversion into 24-ketocholesteryl acetate, and by ozonolysis to 24-keto- 
cyclocholesteryl methyl] ether, identical with a specimen prepared from 24-ketocholesterol 
and having physical constants similar to those of Kaye and Riegel’s compound (loc. cit.). 
Bergmann and Klosty (loc. cit.), by the same reactions, obtained cyclofucosteryl methyl 
ether as an oil, [«]?? +36°, which they converted into 24-ketocholesteryl acetate. 


TABLE 2. 
Sterol cycloEther 
: Molecular rotation 
Compound lalp [J a|p ] difference 
Brassicasterol ~64 25: +.20° + 85 337° 
Campesterol p — 33 -13: +62 +28 389 
Cholesterol 3, —39 —hé +55 +- 29 371 
Stigmasterol Ke -49 +35 + 14¢ 351 
24-Ketocholesterol —- —39 56 +52 371 
Mean 364 
Refs. : 1, Fernholz and Ruigh, J. Amer. Chem. Soc., 1940. 62, 3346. 2, Fernholz and Ruigh, zbid., 
1941, 68, 1157. 3, Fieser and Fieser, ‘‘ Natural Products Related to Phenanthrene,”’’ Reinhold, 3rd 
Edn., 1949, p. 94. 4, Fieser and Fieser, op. cit., p. 252. 
[a]?? of fucosterol = —42°; [M]p of fucosterol — 173°. 
Calc. [M]p of cyclofucostery] methyl ether = +191°. 
*, Cale. [a)p of cyclofucosteryl methyl ether = +45”. 


The specific rotation of the oil is in fair agreement with that (+45°) calculated for 
cyclofucostery] methyl ether from molecular rotation difference figures ({[M), of methyl 
cycloether — [M], of sterol) for a number of sterols (Table 2). 


* Part I, J., 1950, 2881. 
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Beynon, Heilbron, and Spring (loc. cit.) found that cyclocholestery] methyl ether was 
converted into cholesteryl chloride by hydrochloric acid in acetic acid. This reaction, 
applied in the present investigation to cyclofucosteryl methyl ether, yielded a crystalline 
solid (m. p. 77—78°), containing more chlorine (11-6%) than that required (8-1%) for 
fucosteryl chloride. 24-Ketocyclocholesteryl methyl ether was converted in this way into 
24-ketocholesteryl chloride without complication. Now, treatment of cholesterol with 
thionyl chloride alone gives pure cholesteryl chloride (Fieser and Fieser, op. cit., p. 258), 
whereas fucosterol with the same reagent has now been shown to give a mixture which, 
after repeated recrystallisation, yielded 24-chlorofucost-5-enyl chloride. Since fucosterol 
differs from cholesterol in having an ethylidene group in place of two hydrogen atoms at Ci4) 
this further reaction of fucosterol with thiony] chloride is assumed to be due to the addition 
of hydrogen chloride there. This accounts for the high chlorine content of the crude 
fucosteryl chloride obtained above from the cycloether. Both fucosterol and cholesterol 
react with thionyl chloride in light petroleum to give the distery] sulphites. 

It was also found in the present work that, whereas hydrochloric acid in acetic acid 
does not react with cholesteryl acetate, it does add to fucosteryl acetate. However, in all 
experiments, even after repeated recrystallisation, the product had a low chlorine content. 
A purer product resulted from treating the acetate with hydrogen chloride in thionyl 
chloride. The only product from dehydrochlorination of this was fucosteryl acetate, 
showing that addition had not been at C;,.—-C;,, otherwise, by analogy with the behaviour 
of cholesterol (Windaus, Annalen, 1927, 453, 101), fucost-4-enol would have been obtained. 


EXPERIMENTAL 


Solutions in organic solvents which are described as having been washed and dried, were 
washed with aqueous sodium carbonate (5%) or dilute sulphuric acid, then with water, and 
dried over sodium sulphate. When not specified, the light petroleum used had b. p. 60—80°. 

Fucosteryl Methyl Ether.—Fucosteryl toluene-p-sulphonate (0-15 g.), prepared as described 
in Part I, was boiled under reflux in methanol (5 ml.) for 10 minutes. Recrystallisation from 
acetone of the solid which separated on cooling gave fucosteryl methyl ether, m. p. 68—69° 
[a]? —48-5° (c, 0-8 in CHCI,). 

cycloFucosteryl Methyl Ether.—Fucosteryl toluene-p-sulphonate (0-5 g.) was boiled under 
reflux for 3 hours in anhydrous methanol (75 ml.) containing freshly fused potassium acetate 
(0-5 g.).. After removal of methanol (50 ml.) by distillation, the solution was diluted with water 
and extracted with ether. The washed and dried extracts on concentration gave a residue 
which did not crystallise. Chromatography of a light petroleum solution on alumina and 
elution with the same solvent gave cyclofucosteryl methyl ether (0-19 g.), [«]?? +51° (c, L-l in 
CHCI,). Further elution with light petroleum—benzene (4: 1) yielded fucosteryl methyl ether 
(0-05 g.), m. p. and mixed m. p. with the authentic specimen prepared above, 67—68°. The 
alumina was finally extracted with methanol for 6 hours in a Soxhlet apparatus. Concentration 
of the extracts left fucosterol (0-2 g.), m. p. 120—121°, undepressed after mixing with an authentic 
specimen. 

Action of Hydrochloric Acid on cycloFucosteryl Methyl Ether.—A solution of cyclofucostery]l 
methyl ether (0-1 g.) in acetic acid (5 ml.) and concentrated hydrochloric acid (0-2 ml.) was 
left overnight at room temperature, after which the solution was diluted with water and extracted 
with ether. The extracts were washed, dried, and evaporated. The residue, after three 
recrystallisations from acetone, gave impure fucosteryl chloride, m. p. 76—77° (Found: C, 77-9; 
H, 10-3; Cl, 11-6. Calc. for C,,H,,Cl: C, 80-9; H, 10-9; Cl, 8-1%). 

Ozonolysis of cycloFucosteryl Methyl Ether.—A solution of cyclofucosteryl methyl ether 
(0-7 g., 1 mol.) in chloroform (40 ml.) was ozonised for 25 minutes at room temperature (0-25 g. 
ozone per hour, 1-2 mols.). After addition of hydrogen peroxide (20 vols.; 40 ml.), the chloro- 
form solution was steam-distilled for an hour. The chloroform solution of the non-volatile 
gum was washed, dried, and concentrated. The residue (0-6 g.), which did not crystallise, was 
chromatographed from a light petroleum solution on alumina. On elution with light petroleum- 
benzene (4: 1) crude 24-ketocyclocholesteryl methyl ether (0-27 g.) was obtained which, after 
two recrystallisations from acetone, had m. p. 90-5—91°. 

Reaction of 24-Ketocyclocholesteryl Methyl Ether with Hydrochloric Acid.—A solution of 
24-ketocyclocholesteryl methyl ether (0-18 g.) in acetic acid (5 ml.) containing concentrated 
hydrochloric acid (0-5 ml.) was left overnight at room temperature. The solid which separated 
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on dilution with water was recrystallised from methanol and proved to be 24-ketocholesteryl 
chloride, m. p. 97—98°, [a]}) —28-7° (c, 0-8 in CHCI,) (Found: C, 77-1; H, 10-2. C,,H,,OCI 
requires C, 77-5; H, 103%). 

Conversion of 24-Ketocyclocholesteryl Methyl Ether into 24-Ketocholesteryl Acetate.—A solution 
of 24-ketocyclocholesteryl methyl ether (0-11 g.) in acetic acid (5 ml.) containing freshly fused 
zinc acetate (0:3 g.) was boiled under reflux for 6 hours. The cold solution was diluted with 
water and extracted with chloroform. The chloroform extracts were washed, dried, and 
evaporated. The residue (0-08 g.) failed to crystallise from acetone, but after purification on 
an alumina column and recrystallisation from methanol was found to be 24-ketocholestery] 
acetate, m. p. 124—125°, undepressed on admixture with authentic compound 

24-Ketocyclocholesteryl Methyl Ether.—A solution of 24-ketocholesterol (0-41 g.) and toluene- 
p-sulphony] chloride (0-05 g.) in dry pyridine (5 ml.) was left overnight at room temperature and 
then poured on ice. The solid was filtered off and washed with dilute hydrochloric acid, then 
with water, and dried in a vacuum-desiccator. Recrystallisation from acetone gave 24-keto- 
cholesteryl toluene-p-sulphonate (0-4 g.), softening at 115°, m. p. 118—119-5°, [a]? —33° (c, 1-1 
in CHCl,). Kaye and Riegel (loc. cit.) give softening 115°, m. p. 119—120°, [a)#? —35°, for this 
compound. The toluene-p-sulphonate (0-4 g.) was boiled under reflux for 3 hours in dry 
methanol (50 ml.) containing freshly fused potassium acetate (0-5 g.). After concentration to 
half its volume the solution was poured into water and extracted with ether. The ethereal 
extract was washed, dried, and evaporated, and the residue (0-3 g.) was chromatographed in 
light petroleum (b.-:p. 40—60°) on alumina. Elution with light petroleum (b. p. 40—60°)—benzene 
(10: 1 —~+ 1: 1) gave, after recrystallisation from acetone, 24-ketocyclocholesteryl methyl] ether 
(0-2 g.) in needles, m. p. 90—91° (undepressed after mixture with the compound prepared 
above), [a]? +52° (c, 0-73 in CHCl,). Kaye and Riegel (loc. cit.) record m. p. 90-5—91°, [x]?? 

+ §2°. 

Preparation of 24-Hydroxycholesterol.—A solution of 24-ketocholesteryl acetate (0-69 g.) 
in dry ether (10 ml.) was added gradually to lithium aluminium hydride (0-5 g.) in dry ether 
(560 ml.). After 15 minutes’ boiling under reflux, the complex was hydrolysed with ice-cold 
dilute hydrochloric acid, and the ethereal layer washed, dried, and evaporated. The residue, 
recrystallised twice from ethyl acetate, gave 24-hydroxycholesterol (0-6 g.), m. p. 166—168°, 
[a]i) —40° (c, 2-0in CHCI,) (Found : C, 80-1; H, 11-4. Calc. for C,,H,,O,: C, 80-6; H, 11-4%). 

Preparation of 24-Acetoxycholesteryl Acetate.—(a) 24-Hydroxycholesterol (0-25 g.) was refluxed 
for 3 hours in acetic acid (3 ml.) and acetic anhydride (1 ml.). The product was isolated in 
ether and. gave, after two recrystallisations from methanol, 24-acetoxycholesteryl acetate, 
m. p. 93—94°, [a]? —43° (c, 1-1 in CHCl;) (Found: C, 76-2; H, 10-5. Calc. for C,,H;,0, : 
C, 76-4; H, 10-6%). (b) The same product was obtained by reaction of 24-hydroxycholesterol 
with acetic anhydride in pyridine. The diacetate (0-2 g.) was converted into 24-hydroxy- 
cholesterol (m. p. 166—168°) by boiling methanol (10 ml.) containing sodium (0-1 g.). 

Reaction of Fucosterol with Thionyl Chlortde.—(a) A mixture of thiony] chloride (1-5 g.) and 
fucosterol (0-5 g.) was left at room temperature for 3 hours after the vigorous initial reaction 
had subsided. The residue left after removal of the thionyl chloride under reduced pressure 
was dissolved in ether and the solution washed and dried. Evaporation left a gum (0-4 g.) 
which, after three recrystallisations from acetone, gave 3 : 24-dichlorofucost-5-ene, needles, m. p. 
108—110° (Found: C, 74:8; H, 10-1; Cl, 15-1. C,,H,,Cl, requires C, 74-7; H, 10-3; Cl, 
15-0%). (b) Fucosterol (0-5 g.) in light petroleum (2 ml.) was added to thiony] chloride (0-25 g.) 
in light petroleum (1-5 ml.), and after the vigorous initial reaction the mixture was left for an 
hour before evaporation under reduced pressure. Two recrystallisations of the residue from 
benzene-—acetone gave difucosteryl sulphite, m. p. 181—183° (Found: C, 80-6; H, 11-0. 
C53H,,O,S requires C, 80-3; H, 10-7%). 

Dicholesteryl Sulphite.—Cholesterol and thionyl chloride, under similar conditions, gave di- 
cholesteryl sulphite, m. p. 185—186°. This compound was prepared by a slightly different 
method by Daughenbaugh and Allison (J. Amer. Chem. Soc., 1929, 51, 3665), who record m. p. 
186—187°. 

Addition of Hydrogen Chloride to Fucosteryl Acetate.—(a) A solution of fucosteryl acetate 
(0-3 g.) in acetic acid (80 ml.) containing concentrated hydrochloric acid (3 ml.) was left over- 
night at room temperature. The solid obtained on dilution with water was dissolved in ether, 
and the ethereal solution was washed and dried. Evaporation yielded a residue which, after 
recryStallisation from methanol, had m. p. 115—117°, mixed m. p. with fucosteryl acetate, 
108—112°. Two further recrystallisations gave 24-chlorofucost-5-enyl acetate, m. p. 117—118°, 
[a]? —42° (c, 0-7 in CHCI,) (Found: C, 76:3; H, 10-1; Cl, 5-8. C,,H,;,0,Cl requires C, 75-9; 
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H, 10-4; Cl, 7-1%). (6) The solution obtained by passing dry hydrogen chloride for 20 minutes 
through fucosteryl acetate (0-5 g.) in acetic acid (50 ml.) was poured into water and then 
extracted with ether. Purification of the residue obtained by evaporation of the washed and 
dried extracts was achieved by chromatography of its solution in light petroleum (b. p. 40—60°) 
on alumina. The only product obtained was eluted with light petroleum (b. p. 40—60°)- 
benzene (5: 1) and was fucosteryl acetate (0-4 g.), m. p. and mixed m. p. 117—118°. (c) Dry 
hydrogen chloride was passed for 30 minutes through a solution of fucosteryl acetate (0-5 g.) 
in thionyl chloride (10 ml.). The residue left after removal of the thiony] chloride by distillation 
under reduced pressure gave, after three recrystallisations from ethyl alcohol-ethy] acetate, 
24-chlorofucost-5-enyl acetate, m. p. 116—118°, mixed m. p. with fucosteryl acetate, 110—112°. 
The m. p. was not depressed on admixture with the product obtained by method (a) (Found : 
C, 75:1; H, 10-2; Cl, 66%). 

Dehydrochlorination of 24-Chlorofucost-5-enyl Acetate—A solution of the crude acetate 
(0-3 g.) in dimethylaniline (3 ml.) was boiled under reflux for 10 minutes. The cooled solution 
was poured into water and extracted with ether. The extracts were washed and dried. Re- 
crystallisation of the residue left after evaporation gave fucosteryl acetate (0-16 g.), m. p. and 
mixed m. p. 117—118°, mixed m. p. with the chloro-compound 113—115°. 

KinG’s COLLEGE, UNIVERSITY OF LONDON, 

STRAND, Lonpon, W.C.2. (Received, July 10th, 1952.) 





944. Conjugated Macrocycles. Part XXII.* Tetrazaporphin 
and its Metallic Derivatives. 
By R. P. LINSTEAD and MARGARET WHALLEY. 


Methods for the formation of maleic dinitrile have been studied and 
a routine method of preparation has been devised. Reaction of this 
nitrile with magnesium n-propoxide in n-propyl alcohol (and with similar 
reagents) leads to magnesium tetrazaporphin (II; M = Mg) in yields of up 
to 15%. Removal of the metal gives metal-free tetrazaporphin (1). Copper 
and nickel derivatives have also been prepared. The absorption spectra of 
these substances are given. The structure of tetrazaporphin and its 
relation to porphin and phthalocyanine are discussed. 


Tue four structural cornerstones of the group of macrocyclic tetrapyrrolic pigments are 
porphin, tetrazaporphin, tetrabenzoporphin and phthalocyanine. Of these the last two 
(and compounds intermediate between them) have been described in earlier papers in 
this series.* Porphin has been investigated in a preliminary way by Hans Fischer and 
Gleim (Annalen, 1936, 521, 157; cf. Rothemund, J. Amer. Chem. Soc., 1936, 58, 625). 
We now report the discovery of the fourth parent compound, tetrazaporphin (I) (the 
prefixes » vw’ wp” wu” systematically required to indicate the positions of the four entering 
aza-groups are omitted in this series of papers). 


N 
£\S VX 
NH N— 


) Yt (IT) 
WNyZY 

Many attempts to make this substance and its simple derivatives were made before 
the war but our only success was the preparation of its octaphenyl substitution product 
(A. H. Cook and Linstead, J., 1937, 929). At about the same time Fischer and Endermann 
(Annalen, 1937, 531, 245) prepared a related compound containing four methyl and four 
ethyl substituents in the $-positions of the pyrrole rings, which they called tetraimido- 
etioporphyrin. 

* Part XXI, J., 1950, 2981. The earlier general title of the series (Phthalocyanines and Related 
Compounds) has now become too restrictive. 
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Our synthetic methods have throughout been based on those used in the preparation 
of phthalocyanines, namely, the treatment of the dinitriles or other nitrogenous 
derivatives of 1: 2-dicarboxylic acids with metallic reagents. The appropriate di- 
carboxylic acid for the preparation of tetrazaporphin is maleic, and the obstacles to the 
synthesis are of three kinds: the tendency of maleic derivatives to invert to their fumaric 
isomerides; the intrinsic lack of stability of maleic dinitrile leading to polymerisation and 
other side reactions not encountered with phthalonitrile; and the lower stability of 
tetrazaporphin compared with phthalocyanine. 

In February 1950, Mr. N. Haddock informed us privately that H. France and 
W. O. Jones of Imperial Chemical Industries Limited, Dyestuffs Division, had prepared 
metallic pigments from maleic dinitrile by the action of a metallic reagent, urea, and 
ammonium molybdate.* These pigments were formulated as tetrazaporphins from their 
general properties and method of preparation. 

Our investigations, described below and in the following paper, involved different 
methods but gave products of the same general type as those of France and Jones. 

Maleic Dinitrile.—The literature on the preparation of this compound is unsatisfactory. 
The nitrile reported by de Wolfe and van de Straete (Bull. Acad. roy. Belg., 1935, 21, 216) 
is actually the imide (Bruylants and Jennen, tbid., 1936, 22, 1141) whilst the methods of 
Jennen (tbid., p. 1169) and of Blomquist and Winslow (J. Org. Chem., 1945, 10, 149) give 
small yields of impure material. We have developed a practicable method by the route : 
Methyl maleate —-> diamide ——> dinitrile. This process, although apparently simple, 
involves considerable difficulties at all stages. The published methods for the preparation 
of methyl maleate give products containing appreciable amounts of fumarate (de Wolfe 
and van de Straete, loc. cit.; Rinkes, Rec. Trav. chim., 1927, 48, 272; Adickes, J. pr. Chem., 
1943, 161, 271). We found that if the esterification of maleic anhydride in the presence of 
sulphuric acid was carried out in the dark at room temperature an excellent yield of 
methyl maleate containing less than 1% of fumarate was obtained. This was converted 
into maleic diamide by passing ammonia gas into its supension in concentrated aqueous 
ammonia (Rinkes, Joc. cit.). The yield was only 30%; efforts to raise it under various 
conditions were defeated by the tendency of the ester to invert (cf. Tanatov, J. Russ. Phys. 
Chem. Soc., 1911, 48, 1742; Clemo and Graham, /., 1930, 213). The action of liquid 
ammonia on methyl maleate alone or in solution in organic solvents gave an unidentified 
crystalline solid. 

Maleic diamide was dehydrated to the dinitrile by phosphorus oxychloride in ethylene 
dichloride, the reagents used for the preparation of malononitrile by Surrey (J. Amer. 
Chem. Soc., 1943, 65, 2471). Considerable investigation of this reaction showed that 
maleic dinitrile could only be obtained on a routine basis if special care were paid to very 
thorough drying of the amide, the use of only a small excess of phosphorus oxychloride, 
and the final decomposition of this excess by means of bicarbonate. In this way the 
nitrile was not exposed to a high concentration of hot oxychloride or to aqueous hydro- 
chloric acid. It was not possible to scale the process up satisfactorily. As a result over 
70 small experiments have been carried out under the same conditions. The optimum 
vield of maleic dinitrile was 40%, the average 23%. 

Maleic dinitrile so obtained melted at 31—32°, and had a peak at 220 my in the ultra- 
violet absorption spectrum. It was fairly rapidly isomerised by N/100-aqueous hydro- 
chloric acid, but in comparison with maleic esters was relatively stable to light. An 
analytically pure sample had, however, changed completely to fumaric dinitrile, m. p. 96°, 
after 18 months. ‘ 

A small yield of maleic dinitrile was obtained by dehydrating maleic diamide with 
phosphoric oxide in a mixture of triethylamine and benzene (McElvain and Clarke, J. Amer. 
Chem. Soc., 1947, 69, 2657, 2661). No appreciable quantity was obtained by other 
methods (see p. 4844). 

Tetrazaporphins.—Attention was particularly directed to the preparation of derivatives 
containing a labile metal, such as sodium or magnesium, which could lead to the parent 


* Patent application pending. 
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substance (cf. Barrett, Dent, and Linstead, J., 1936, 1729). The main difficulty was 
that the nitrile was isomerised and decomposed by heat, and very rapidly decomposed 
under alkaline conditions. The method whereby phthalonitrile smoothly yields sodium 
phthalocyanine on treatment with sodium amyloxide (Linstead and Lowe, /., 1934, 1022) 
failed when applied to maleic nitrile. 

The less basic magnesium alkoxides gave positive results. Thus magnesium iso- 
amyloxide (made by an exchange reaction between magnesium ethoxide and isoamy]! 
alcohol) immediately gave some blue pigment when warmed with maleic dinitrile. The 
vield of crystalline product, however, was low and a comparative study was therefore made 
of a number of alkoxides, which led to the selection of magnesium #-propoxide in n-propyl 
alcohol. The reaction is extremely sensitive to variations in procedure and the optimum 
conditions are described in detail in the Experimental section. A few illustrations may be 
given to show some peculiarities of the process. The magnesium is first dissolved in 
n-propyl alcohol, reaction being initiated by means of a trace of iodine. A heterogeneous 
dispersion of fine particles of the propoxide is thereby obtained and it appears that the 
pigment formation largely occurs on the surface of the solid reagent. If the nitrile is 
added during the reaction between the metal and alcohol the magnesium tetrazaporphin 
obtained is contaminated with some very similar materials. These are being further 
investigated and may well be more hydrogenated products. The best yields have been 
obtained only from small-scale experiments; scaling-up may lead to catastrophic falls in 
vield. In 68 experiments performed under apparently the same conditions on a 1-g. scale, 
the yield of magnesium pigment varied between 2 and 15%, the average being 8%. If 
carbon tetrachloride was used in place of iodine to activate the magnesium, the yield was 
decimated. No macrocyclic pigment was obtained when isopropyl alcohol was used in 
place of n-propyl alcohol or when maleic dinitrile was treated with N-methylanilino- 
magnesium iodide. Very little was formed when ethanol was substituted for »-propanol 
or when the magnesium reagent was amyloxymagnesium iodide in amyl alcohol (contrast 
Ficken and Linstead, following paper). These peculiarities arise from the complexity of 
the total process and the comparative instability of the radicals which may be assumed 
to be involved in the growth of the chain and the final cyclisation of the great ring. 

Magnesium tetrazaporphin was recovered from the crude reaction product by extraction 
with benzene—methanol (99:1), followed by chromatography on alumina, elution with 
benzene-methanol (4:1) and crystallisation. Magnesium tetrazaporphin crystallises in 
various solvated forms, and in this respect resembles other magnesium macrocyclic 
pigments, e.g., magnesium phthalocyanine—which forms a mono- and a di-hydrate and a 
pyridine-hydrate (Linstead and Lowe, Joc. cit.; Barrett, Dent, and Linstead, loc. cit.)— 
and magnesium tetracyclohexenotetrazaporphin (Ficken and Linstead, loc. cit.). 

The metal was best removed from magnesium tetrazaporphin by the action of glacial 
acetic acid at room temperature. This yielded tetrazaporphin (I) as a reddish-blue 
crystalline solid with a purple reflex. Analysis and spectroscopic examination showed it 
to be free from metal. The method used for the preparation of phthalocyanine from its 
magnesium derivatives—treatment with sulphuric acid and dilution with water—led to 
gross decomposition of the tetrazaporphin. There was also some decomposition when 
the reagents used were dilute hydrochloric acid or formic acid. The use of cold glacial 
acetic acid, however, gave a 74%, yield of metal-free pigment. 

Other metallic derivatives of tetrazaporphin. These have been prepared in three ways, 
all of which are paralleled in benzazaporphin chemistry : 

(i) From tetrazaporphin. Copper tetrazaporphin (Il; M = Cu) was readily obtained 
by heating the metal-free compound with copper bronze in boiling o-dichlorobenzene 
(compare the preparation of copper tetrabenzotriazaporphin, Barrett, Linstead, and Tuey, 
J., 1939, 1810). The nickel derivative was prepared in the same way by the use of 
anhydrous nickel chloride. In boiling monochlorobenzene the fixation of metal was 
incomplete after many hours’ boiling and separation of the metal-free compound from the 
metallic derivative proved difficult. This was probably due to the formation of mixed 
crystals, for which there are many precedents in this type of compound. 

(ii) By metal exchange. When magnesium tetrazaporphin was heated with copper 
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bronze in boiling pyridine a direct exchange of metal occurred, to give a copper derivative 
identical with that already mentioned. Similar metal exchanges have been observed with 
magnesium naphthalocyanine (Bradbrook and Linstead, J., 1936, 1748) and in the 
porphyrin series (Barnes and Dorough, J. Amer. Chem. Soc., 1950, 72, 4045). 

(iii) From maleic dinitrile. Other metals form tetrazaporphin derivatives by direct 
reaction with maleic dinitrile, although none has been found as effective as magnesium. 
With nickel and copper our results confirmed those of France and Jones. Thus, when 
maleic dinitrile was heated with urea, anhydrous nickel chloride, ammonium molybdate, 
and a trace of nitrobenzene, nickel tetrazaporphin was obtained, spectroscopically and 
analytically identical with that recorded above. The yields in our experiments were 


closely dependent on the temperature and length of heating and never exceeded 2-5%. 
When cuprous chloride replaced nickel chloride, traces of copper tetrazaporphin, identical 
with that already mentioned, were obtained. Calcium -propoxide in n-propyl alcohol 
gave a small amount of green product which may have contained calcium tetrazaporphin, 
but alkoxides of lithium, lead, and aluminium showed no evidence of the formation of 
metallic tetrazaporphins. 

Properties. Tetrazaporphin and its magnesium, nickel, and copper derivatives are 
purple, crystalline solids with purple reflexes. They are considerably more soluble in 
organic solvents than the corresponding phthalocyanines, the magnesium compound being 
soluble in methanol and in pyridine, the metal-free compound in benzene, and the nickel 
and copper derivatives in chlorobenzene. From solutions in these solvents they crystallise 
in characteristic forms. The thermal stability is considerably less than that of the 
phthalocyanines, and good crystals have not yet been obtained by sublimation. 

The solutions are intensely coloured in shades between blue and amethyst (see Table 1). 


TABLE 1. Visual colours of tetrazaporphin derivatives. 
Compound Transmitted light Visible fluorescence Ultra-violet fluorescence 
Metal-free Violet-blue Red Rose-pink 
Magnesium (in hydroxylic solvents) Blue Red Orange 
Magnesium (in chlorobenzene) Blue Faint red Faint orange 
Copper Blue - Pale blue 
Nickel . Amethyst 


Solutions of magnesium tetrazaporphin in pyridine and in hydroxylic solvents are blue to 
transmitted but red to reflected light and show an intense orange fluorescence in ultra- 
violet light. A similar but weaker visible fluorescence and a rose-red ultra-violet 
fluorescence are shown by solutions of metal-free tetrazaporphin in benzene or chloro- 
benzene. Very slight visible or ultra-violet fluorescence is shown by solutions of magnesium 
tetrazaporphin in hydrocarbon solvents. 

The light absorption of the various pigments has been measured over the range 350— 
1000 my. Determination at lower wave-lengths was prevented by the lack of suitable 
solvents. There is some general resemblance in light absorption to the phthalocyanines 
(Anderson, Bradbrook, Cook, and Linstead, J., 1938, 1151; Barrett, Linstead, Rundall, 
and Tuey, J., 1940, 1091; see also following paper), but the spectra are simpler. Tetraza- 
porphin itself has two peaks of almost equal intensities at 545 and 617 my, whereas the 
metallic derivatives have an intense maximum at 580 and a smaller peak at about 540 mu. 
The position of the main band is little affected by the nature of the metal but the intensities 
vary considerably : as with the phthalocyanines, the nickel absorbs less intensely than the 
copper compound. All the tetrazaporphins show a single or double maximum in the near 
ultra-violet region. It is proposed to review these results more fully when data from allied 
compounds have been accumulated. The absorption spectra are summarised in Table 2 
and illustrated in the Figure. 

Structure—The structures (I) and (II) given to tetrazaporphin and its metallic 
derivatives (M = bivalent metal) rest upon the following evidence: (1) Elementary 
analyses correspond to the formule C,,H,)N, and C,,H,N,M respectively. These are 
equivalent to four maleic dinitrile units (C,H,N,) and two replaceable atoms of hydrogen. 
There is complete analogy with phthalocyanine, C,,H,,N,, containing four phthalonitrile 
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units (CgH,N,). This analogy extends to the method of preparation from the | : 2-dinitrile. 
(2) The loss and gain of metals in the tetrazaporphin molecule corresponds to that in 
phthalocyanine. (3) The properties of magnesium tetrazaporphin resemble closely those 
of magnesium derivatives of other macrocycles. In addition to the solvation already 
described, magnesium tetrazaporphin exhibits the striking decomposition of hot peroxide- 
containing hydrocarbon which gives a vivid red chemiluminescence. This is also shown 
by chlorophyll, and the magnesium derivatives of phthalocyanine, tetrabenzoporphin, and 
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octaphenyltetrazaporphin (A. H. Cook, J., 1938, 1845; Helberger and Hever, Ber., 1939, 
72, 11). (4) There is an extremely close resemblance between the absorption spectra of 
tetrazaporphin and of tetracyclohexenotetrazaporphin. This is also shown by the corre- 
sponding metallic derivatives, and extends to even quite minor details of the absorption 
curves (see Fig. 1 of following paper). The only difference lies in a general slight shift to 


TABLE 2. 


Metal-free tetrazaporphin (in chlorobenzene). Nickel tetrazaporphin (urea-melt) (in 
ag 5450 3330 dichlorobenzene) 
log €max. “7 4-60 4-70 / 5770 5300 3450 3140 
4°20 4-57 4-44 
Magnesium tetrazaporphin, monomethanol 
solvate (in methanol) Nickel tetrazaporphin (from metal-free) (in 
5840 5360 3260 2280 o-dichlorobenzene). 
4-17 4-79 4-26 J 577 5300 3450 3150 
10g €max. , 4-14 4-50 4°38 
Magnesium tetrazaporphin, dimethanol solvate 
(in pyridine) Copper tetrazaporphin (in o-dichlorobenzene) 
5350 = 3320 Amaz., A 5 5310 =. 3340 
4-14 4-70 log €max. . 4-13 4°57 


longer wave-lengths for the §-substituted tetrazaporphins. The close correspondence 
can only be explained on the basis of a near relationship in structure. The structure of 
tetracyclohexenotetrazaporphin has been fully established chemically (see following paper). 
(5) All the nitrogen atoms in tetrazaporphin are liberated as ammonia by degradation of 
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the pigment with chromium trioxide in sulphuric acid at 100°. It has not yet been possible 
to obtain significant yields of maleinimide or similar compounds by milder fission. The 
conditions necessary to break the great ring appear to oxidise the fission products further ; 
traces of maleic acid [as required for formula (I)] have, however, been identified. 

The formule (I) and (II) correspond, of course, with only one canonical state. Like 
the phthalocyanines, the molecules are regarded as symmetrical resonance structures. 
In the covalent metallic derivatives, the metal atoms are not considered as attached in 
some preferred manner among the four pyrrole nitrogen atoms. The extent to which the 
hydrogen atoms of the metal-free compound are localised must be left open at present. 
In terms of the molecular-orbital theory, there is an orbital of delocalised electrons 
corresponding to the whole of the molecule, which may be presumed to be planar. It 
is to this conjugated structure of the molecule as a whole, that the intense light absorption 
in the 600-mu region is to be ascribed. 


EXPERIMENTAL 

Continuous extractions of macrocyclic pigments were carried out in the apparatus described 
by Barrett, Dent, and Linstead (J., 1936, 1726), except that of magnesium tetrazaporphin which 
could be extracted in a normal Soxhlet apparatus. 

Methyl Maleate.-—Concentrated sulphuric acid (25 ml.) was added to maleic anhydride 
(500 g.) in methanol (1500 ml.), and the mixture left at room temperature in the dark for 2 days. 
Most of the methanol was removed under reduced pressure and the mixture neutralised with 
aqueous sodium carbonate. The organic layer was separated, washed with water, and dried 
(Na,SO,). Methyl maleate (605 g., 85%), b. p. 99—101°/18 mm., was obtained on removal of 
the ether. According to the data of Clemo and Graham (J., 1930, 213) the proportion of methyl 
fumarate * appeared to be less than 1%. 

Maleic Diamide.—A steady stream of ammonia was bubbled through a stirred cooled 
mixture of methyl maleate (300 g.) and aqueous ammonia (d 0-880; 900 ml.). The reaction 
mixture was kept in the dark. After about 0-5 hour a white solid began to separate and after 
4-5 hours the reaction was complete. The solid was filtered off and dried over phosphoric oxide 
in a vacuum-desiccator, giving maleic diamide, m. p. 171—173° (72 g., 30%). Fumaric diamide, 
m. p. 267° (20 g., 8%), separated from the filtrate overnight. 

Methyl Maleate and Liquid Ammonia.—Liquid ammonia (15 ml.) was added to a solution of 
methyl maleate (10 g.) in chloroform (50 ml.) or methanol (50 ml.). After 24 hours, the solvent 
was removed. The solid residual substance crystallised from methanol in colourless prisms, 
m. p. 72—74° (3-6 g.) (Found: C, 47-6; H, 6-2; N, 50%). Methyl fumarate (1-75 g.) was 
obtained on concentration of the mother-liquors. 

Maleic Dinitrile.—Freshly distilled phosphorus oxychloride (34-5 g., 1-15 mol.) was added 
dropwise during 1 hour to a boiling stirred suspension of maleic diamide (22 g.) and sodium 
chloride (dried at 80° for 1 hour) (50 g.) in ethylene dichloride (redistilled from phosphoric 
oxide) (63 ml.). Stirring and refluxing were continued for 2 hours 50 minutes, the mixture 
gradually becoming black. The black solid was filtered off and washed with ethylene 
dichloride or chloroform, and the filtrate added slowly to a stirred saturated aqueous solution of 
sodium hydrogen carbonate. The organic layer was separated, washed thoroughly with water, 
dried (Na,SO,), and filtered through charcoal. After removal of the solvent, maleic dinitrile, 
b. p. 110—112°/20 mm., was obtained (maximum vield, 6-1 g.; average, 3-5 g.). Maleic 
dinitrile, purified by further distillation and crystallisation from ethanol, gave colourless prisms, 
m. p. 31—32° (Found: C, 61-9; H, 2-7; N, 35-6. Calc. for C,H,N,: C, 61-6; H, 2-6; N, 
359%). 

The following methods gave little or no dinitrile : dehydration of maleic amide by phosphoric 
oxide alone, by phosphorus pentachloride in toluene, or by acetic anhydride or by 3: 5-di- 
nitrobenzoyl chloride in pyridine (Mitchell and Ashby, J. Amer. Chem. Soc., 1945, 67, 161) ; 
decomposition of diazoacetonitrile with copper bronze (Loose, J. pr. Chem., 1909, 79, 508) ; 
dehydration of maleic dialdoxime; bromination of succinonitrile, followed by dehydro- 
bromination. 

Magnesium Tetrazaporphin.—Magnesium (0-5 g.) dissolved in refluxing »-propanol (20 ml.) 
during 7 hours, the reaction being initiated by a crystal of iodine. Maleic dinitrile (1-0 g.) in 


* Methyl! fumarate has been reported to have an irritating effect on the skin. We observed a definite 
vesicant action. 
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n-propanol (5 ml.) was added during 5 minutes and the mixture refluxed for a further 
17 minutes. The mixture became green, then ink-blue. The propanol was removed under 
reduced pressure and the dry solid continuously extracted with benzene containing 1% of 
methanol. The extract was chromatographed on alumina (Spence, type H), and the pigment, 
which was adsorbed in a narrow band at the top of the column, eluted with benzene—methanol 
(4:1). Concentration of the eluate gave 180—230 mg. of solid magnesium tetrazaporphin, 
the purity of which could be estimated spectroscopically and was generally about 75%. 

Magnesium tetrazaporphin monomethanolate was obtained as purple plates by re- 
extraction with benzene and chromatography as before (Found: C, 55-0; H, 3-6; N, 30-7; 
Mg, 7-1. C,,H,,ON,Mg requires C, 55-4; H, 3-3; N, 30-4; Mg, 6-6%). Recrystallisation of 
this monosolvate from aqueous pyridine gave rhombohedral plates of magnesium tetrazaporphin 
dimethanolate (Found: C, 54-4; H, 4-5; N, 28-3; Mg, 6-2. C,,H,,O,N,Mg requires C, 54-0; 
H, 4:0; N, 28-0; Mg, 6-1%). 

Metal-free Tetrazaporphin (1).—Magnesium tetrazaporphin (110 mg.) was added in portions 
to glacial acetic acid (3 ml.), and the mixture set aside with occasional stirring for 1-5 
hours. Ice was added, and the solid filtered off, washed with water and boiling methanol, 
and continuously extracted with benzene. Metal-free tetrazaporphin (70-5 mg., 74%) 
crystallised in dark purple needles (Found: C, 61-7, 60-9; H, 3-5, 3-9. C,,H,)N, requires 
C, 61-2; H, 3-2%). Analyses for nitrogen are given below. 

Copper Tetrazaporphin.—(a) From metal-free tetrazaporphin. Metal-free tetrazaporphin 
(48-5 mg.) was dissolved in o-dichlorobenzene (40 ml.), and copper bronze (1-5 g.) added. The 
mixture was refluxed for 3 hours, cooled, and filtered. The solid was extracted with chloro- 
benzene, and copper tetrazaporphin (19 mg., 33%) crystallised from the extract (Found: C, 
50-4; H, 3-0; Cu, 16-9. C,,H,N,Cu requires C, 51-1; H, 2-1; Cu, 16-9%). 

(b) From magnesium tetrazaporphin. Magnesium tetrazaporphin (20 mg.) and copper bronze 
(1-0 g.) in pyridine(10 ml.) was refluxed for 1 hour by which time the visible and ultra-violet 
fluorescence of the magnesium pigment had disappeared. The pyridine was removed under 
reduced pressure and the solid extracted with chlorobenzene. Copper tetrazaporphin (9 mg., 
45°) crystallised from the extract. 

(c) By the uvea-melt method. A mixture of maleic dinitrile (1-0 g.), cuprous chloride (1-0g.), 
urea (4-0 g.), ammonium molybdate (0-1 g.), and nitrobenzene (2 ml.) was heate drapidly to 135° 
and kept at that temperature for 35 minutes, with cooling when necessary. After about 
3 minutes at 135° the nitrobenzene layer became olive-green and after a further 5 minutes deep 
purple. The black solid was cooled, broken up with hot water, and washed with water and 
ethanol. The dried residue was then extracted with chlorobenzene, giving copper tetraza- 
porphin (2 mg., 0-1%). 

Nickel Tetrazaporphin.—(a) From metal-free tetrazaporphin. Metal-free tetrazaporphin 
37 mg.) and anhydrous nickel chloride (1-5 g.) were refluxed in o-dichlorobenzene (25 ml.) for 
1-5 hours, and the mixture was filtered hot. The solid was washed with boiling water and 
ethanol, and extracted with chlorobenzene. Nickel tetrazaporphin crystallised in small, bronze 
rods (27 mg., 86%) (Found: C, 52-0; H, 2-6; N, 30-1; Ni, 15-6. C,,H,N,Ni requires C, 51-8; 
H, 2:2; N, 30-2; Ni, 15-8%). 

(b) By the urea-melt method. Maleic dinitrile (2-0 g.), nickel chloride (2-0 g.), urea (12-0 g.), 
ammonium molybdate (0-4 g.), and nitrobenzene (8 drops) were heated together, with continuous 
stirring in the early stages, at 125° for 1-75 hours. The solid was cooled, and broken up with 
hot water. It was then warmed at 90° with 5n-hydrochloric acid for 1-5 hours, filtered, and 
washed with hot water and ethanol. The residue was extracted with ethanol for 4 hours, then 
chlorobenzene for 8—10 hours. Nickel tetrazaporphin (59-6 mg., 2-5%) was obtained, 
spectroscopically and analytically identical with the above. 

Oxidation of Tetrazaporphin.—Metal-free tetrazaporphin (about 30 mg.) was dissolved in 
concentrated sulphuric acid (0-5 ml.), and chromium trioxide (100 mg.) added. The mixture 
was heated for 1 hour at 100° and diluted with a little water. The solution was made alkaline 
with 20% sodium hydroxide solution, and the ammonia distilled off in steam and collected in a 
known volume of 0-1N-hydrochloric acid. The excess of acid was titrated with 0-1N-sodium 
hydroxide, screened methyl-red being used as indicator (Found: N, 36-2, 34-8, 34-9. C,,H iN, 
requires N, 35-7%). 

Absorption Spectra.—Routine control of preparative work was carried out by means of a 
Hilger-Nutting visual spectrometer. Intensity measurements were made with a Unicam 
spectrophotometer (SP. 500), a hydrogen lamp being used for readings below 4000 A and a 
tungsten lamp for the visible and near infra-red regions. Solutions containing about 0-7 mg. 
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of pigment in 100 ml. of solvent were used. Dilution of these to quarter strength was necessary 
to obtain accurate readings for the maxima of the copper and the magnesium compounds. The 
results are in Table 2 and graphically in the Figure. 


Analyses were carried out in the microanalytical laboratory (Mr. F. H. Oliver) of this 
Department. Grateful acknowledgment is made to the Ramsay Memorial Trust for a Fellow- 
ship, and to Imperial Chemical Industries Limited for a grant (to M. W.). We also thank 
Imperial Chemical Industries Limited for gifts of chemicals. The work described in this and 
the three following papers has greatly benefited by discussion with chemists of the Dyestuffs 
Division of Imperial Chemical Industries Limited. 
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IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. (Received, July 11th, 1952.} 


945. Conjugated Macrocycles. Part XXIII.* Tetracyclohexeno- 
tetrazapor phin. 


By G. E. FicKen and R. P. LINSTEAD. 


3: 4:5: 6-Tetrahydrophthalonitrile (I) reacts with various magnesium- 
containing reagents to give magnesium tetracyclohexenotetrazaporphin 
(111; M= Mg). The optimum yield is 66%. Various solvated forms have 
been obtained. Boiling glacial acetic acid removes the metal, to give tetra- 
cyclohexenotetrazaporphin (II) (hexadecahydrophthalocyanine). Copper 
and nickel derivatives of this compound have been prepared by metal- 
exchange and by reaction of the metal-free compound with suitable reagents. 
The azaporphin (II) is dehydrogenated to phthalocyanine thermally at 300— 
320°, or by treatment with sulphur; use of palladium leads to a mixture of 
phthalocyanine and its palladium derivative. The colour, fluorescence, 
light absorption, and chemiluminescence of these substances are described. 

The structure (II) has been conclusively established from the analytical 
results, dehydrogenation, and oxidative fission to 3:4: 5: 6-tetrahydro- 
phthalimide and ammonia. 4 Mols. of ammonia can be eliminated under 
controlled conditions, one atom of oxygen being taken up. These results 
parallel closely those obtained with phthalocyanine. 


THE synthesis of tetrazaporphin (Linstead and Whalley, preceding paper) has opened 
up the possibility of making analogous substances from substituted maleic nitriles. 
3: 4:5: 6-Tetrahydrophthalonitrile (1) was selected for study because the series acts as 
a link between the tetrazaporphins and the phthalocyanines, there are no complications 
from geometrical isomerism, and the parent compounds are comparatively accessible. 
H. France of Imperial Chemical Industries Limited, Dyestuffs Division (personal 
communication, 1950 +), prepared metallic pigments by heating this nitrile with a metallic 
compound, urea, and ammonium molybdate. The same compounds were prepared from 
3: 4:5: 6-tetrahydrophthalic anhydride, whilst a metal-free compound was obtained 
from the sodium derivative, itself prepared from the nitrile and sodium amyloxide. The 
macrocyclic compounds which are to be expected are of the general types (II) and (III) 
and can be considered as tetracyclohexenotetrazaporphins or as hexadecahydrophthalo- 
cyanines. 

Intermediates —The parent anhydride (IV), obtained by sodium amalgam reduction 
of phthalic acid (von Baeyer, Annalen, 1890, 258, 199), was converted into the imide (V) 
by Kiister (Z. physiol. Chem., 1908, 55, 519). Fusion with urea is however a preferable 
method. Treatment of the imide with aqueous ammonia yielded the diamide (VI), the 
structure of which was confirmed by its reconversion into the imide above its melting point 


* Part XXII, preceding paper. ¢ Patent application pending. 
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and into the anhydride with nitrous acid. A by-product in the formation of the diamide 
was the ammonium salt (VII) of the amic acid. Dehydration of the diamide with boiling 
acetic anhydride for a short period gave mainly 2-cyano-3 : 4 : 5 : 6-tetrahydrobenzamide 


Wy i) 
| 
i aie 


a, aut ‘ei 


on —“ 


(VIII) and for a longer time some of the required dinitrile (I), contaminated with the 
imide (V). These reactions resemble the preparative methods for the corresponding 
derivatives of phthalic acid used by Byrne, Linstead, and Lowe (J., 1934, 1017, 1022). 
A much better process for the dinitrile was dehydration of the diamide with phosphoric 
oxide in the presence of triethylamine (cf. McElvain and Clarke, J]. Amer. Chem. Soc., 1947, 
69, 2657); the yield of pure dinitrile was 38%, the main contaminant being the imide 
which could be removed by taking advantage of its easy hydrolysis by alkali. 


/\£Q \A0'NH, CN .AO'NH, ACN 
om + Olam, > ee a ine 
/O \CO-NH, /NCN COyNH, \_/\CO-NH, 
(V) (VI) (I) (VII) (VIII) 

Macrocyclic Pigments.—3 : 4 : 5 : 6-Tetrahydrophthalonitrile was found to give macro- 
cyclic pigments less readily than pnd phthalonitrile but rather more easily than maleic 
dinitrile. As with the latter, the best yield of tetrazaporphin derivatives was obtained 
by the use of reagents containing magnesium. Reaction with magnesium amyloxide was 
much slower than in the case of maleic dinitrile, but useful reagents were found in the 
solutions obtained by decomposing methylmagnesium iodide by alcohols (ROH) and 
which are equivalent to RO-MgI (Tschelinzew, J. Russ. Phys. Chem. Soc., 1913, 45, 844, 
1917; Chem. Zentr., 1914, I, 622, 1827). Comparative reactions with various alcohols 
indicated that the best results were given when R was tsoamyl, and by the interaction of 
3: 4:5: 6-tetrahydrophthalonitrile with a decomposed Grignard reagent in boiling amyl 
alcohol, magnesium tetracyclohexenotetrazaporphin (III; M = Mg) was obtained in 
66% yield. The superiority of this yield over that of magnesium tetrazaporphin reflects 
the increased stability of both the intermediates and the pigments of the substituted 
series. 

Like other magnesium derivatives of macrocycles, this magnesium compound could be 
obtained in a number of solvated forms; a mono- and a di-hydrate and a substance 
analysing as a pyridine-hydrate have been isolated. The preparation of the latter was 
surprising as it separated from a pyridine solution of the magnesium pigment after drying 
over phosphoric oxide. 

Removal of metal from the magnesium compound was best accomplished by boiling 
glacial acetic acid. Mineral acids gave more or less degradation of the macrocycle. The 
product crystallised from chlorobenzene as blue needles, much less green than phthalo- 
cyanine, and analysing as unsolvated tetracyclohexenotetrazaporphin, C,,Hg,Ng. 

Phthalonitrile gives an excellent yield of sodium pigment on treatment with sodium 
amyloxide (Linstead and Lowe, J., 1934, fer | and maleic dinitrile none at all (Linstead 
and Whalley, preceding paper). 3: 4:5: 6-Tetrahydrophthalonitrile was intermediate. 
A blue sodium pigment was rapidly alc which lost metal on treatment with acid, to 
yield tetracyclohexenotetrazaporphin identical with that described above. The yield of 
sodium pigment was, however, small, the bulk of the nitrile being converted into a brown 
polymer. Indications of the formation of metallic tetrazaporphin derivatives were also 
obtained when the tetrahydrophthalonitrile was treated with lithium tsoamyloxide in 
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boiling isoamyl alcohol, lead isoamyloxide (Chablay, Ann. Chim., 1917, 8, 167), or 
aluminium isopropoxide in urea. 

Copper tetracyclohexenotetrazaporphin (III; M = Cu) was readily prepared from the 
magnesium pigment by direct metal exchange, with copper bronze in boiling pyridine. 
This falls into line with the results in the naphthalocyanine and tetrazaporphin series. We 
have also found that magnesium phthalocyanine gives copper phthalocyanine by the same 
process. 

Treatment of the metal-free compound with nickel chloride or palladous chloride in 
boiling chlorobenzene led to considerable fixation of metal. The reactions, were, however, 
incomplete and the metal-free compound formed mixed crystals with the metallic 
derivatives. The components could not be separated by solvent extraction or crystallis- 


Fic. | 





100 














1 = l 
4000 Y 6000 
A(A) 


——s Tetracvclohexenotetrazaporphin (in chlorobenzene) 
Tetvazaporphin (in chlorobenzene) 
Phthalocyanine (in chloronaphthalene). 


ation. Attempts to prepare palladium phthalocyanine had led to similar mixtures 
(Barrett, Frye, and Linstead, J., 1938, 1157). When boiling o-dichlorobenzene was used 
as solvent the formation of nickel and cobalt derivatives from the metal-free compound 
and nickel chloride and cobalt acetate respectively went to completion, the products being 
of the usual type (III; M = Ni and Co). Under these conditions, however, the reaction 
between tetracyclohexenotetrazaporphin and palladous chloride led not only to fixation of 
metal but also to dehydrogenation, a considerable amount of palladium phthalocyanine, 
Cy.H,,N,Pd, being formed. This compound has now been obtained by direct interaction 
of palladium black and boiling phthalonitrile : 
4C,H,N, + Pd = C,.H,.N,Pd 

The dissolution of a noble metal by a neutral organic compound is remarkable. 

When 3: 4: 5: 6-tetrahydrophthalonitrile was heated with urea, nickel chloride, and 
a trace of ammonium molybdate, a coloured product was obtained from which boiling 
chlorobenzene extracted a blue pigment spectroscopically identical with nickel tetracyclo- 
hexenotetrazaporphin. The yield was about 8%. 
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Properties—As hexadecahydrophthalocyanines, the new azaporphins bear a general 
resemblance to the corresponding phthalocyanines. They are sparingly soluble blue 
solids which crystallise in small needles generally with a purple reflex. They are less 
stable to heat and to acids than are phthalocyanines but more stable than the corre- 
sponding unsubstituted tetrazaporphins. The solids do not melt but can be sublimed at 
low pressures, although large crystals have not been obtained in this way. The 
temperature must be kept below 300° in sublimations; otherwise dehydrogenation to 
the corresponding phthalocyanine occurs. Dehydrogenation of the metal-free compound 
to phthalocyanine : 

CegHy4N g —> CogH gg + SHy 
occurs thermally at 300—320°, also on treatment with sulphur, or with palladium in 
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boiling naphthalene. In the last-named process some palladium phthalocyanine is also 
produced. 

The solubility of the tetracyclohexenotetrazaporphins in organic solvents is very low, 
but greater than that of the corresponding phthalocyanines. Thus, the parent compound 
is appreciably soluble in chlorobenzene to give a pure blue solution, and the solubilities of 
the copper, the nickel, and the cobalt derivative are lower. As usual, the magnesium 
compound has the greatest solubility, being soluble in cold pyridine (ca. 1%) and even 
slightly in dioxan, alcohol, and acetone. Its solutions are slowly decolorised, probably 
by photodecomposition. The solutions in pyridine, dioxan, and hydroxylic solvents show 
a fine crimson fluorescence in daylight and a brilliant vermilion in ultra-violet light. These 
fluorescences are comparable with those of magnesium tetrazaporphin and greater than 
those of magnesium phthalocyanine and of chlorophyll. Solutions of metal-free tetra- 
cyclohexenotetrazaporphin fluoresce rose-red in ultra-violet light. 

Magnesium tetracyclohexenotetrazaporphin, like analogous magnesium compounds, 
gives a vivid red chemiluminescence when added to hot peroxide-containing hydrocarbons. 

l4u 
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Light absorption of the metal-free and of some metallic pigments has been measured 
over the: approximate range 300—1000 my. The main bands are tabulated on p. 4854. 
The spectral curves for metal-free and copper tetracyclohexenotetrazaporphins are in 
Figs. 1 and 2, where data for the corresponding tetrazaporphins and phthalocyanines 
are given. A comparison makes clear the following points: (i) There is a very close 
resemblance in both the metal-free and the copper compound to the unsubstituted tetraza- 
porphin (Linstead and Whalley, preceding paper). There is a bathochromic shift of the 
long-wave bands by the substitution of the pyrrole $-carbon atoms. (ii) A substantial 
difference exists between the phthalocyanines and their hexadecahydro-derivatives; the 
main absorption bands in the red of the aromatic compounds are considerably higher in 
wave-length and intensity, corresponding to the enlarging of the conjugated systems. 
(iii) All these azaporphins (including the phthalocyanines) show a rather broad band in the 
ultra-violet spectrum. The position of this, at about 340 mu, is apparently little affected 
by $-substitution or by the introduction of metal. This band is more intense with metal- 
free compounds. Other bands undoubtedly exist at shorter wave-lengths but information 
about them is rather fragméntary owing to solubility difficulties. 

Our main bands for metal-free and magnesium tetracyclohexenotetrazaporphins are, 
as expected, very close to those reported by Fischer and Endermann for the corresponding 
‘‘ tetraimidoetioporphins ’’ (tetramethyltetraethyltetrazaporphins) : 

Metal-free mu Magnesium (in pyridine) my 
F. and E. (in pyridine—ether) ... 624, 553 F. and E 599, 548 
Present work (in chlorobenzene) 628, 560 Present work ...... 599, 550 


Structure.—Apart from the strong arguments based on analogy with the phthalo- 
cyanines, the structure of the tetracyclohexenotetrazaporphins has been conclusively 
established as (II) and (III) by two lines of evidence, viz. : dehydrogenation to phthalo- 
cyanines already referred to, and the evidence of oxidative fission. Tetracyclohexeno- 
tetrazaporphin was readily oxidised by hydrogen peroxide in concentrated sulphuric acid 
(cf. Fischer and Baiimler, Annalen, 1928, 468, 91), or preferably chromic acid (cf. Fischer 
and Walach, ibid., 1926, 450, 180; Muir and Neuberger, Biochem. J., 1949, 45, 163), to 
3:4:5: 6-tetrahydrophthalimide (V). The oxidation thus follows the same course as 
that of phthalocyanine, and it is clear that no new carbon-carbon bonds have been formed 
in the pigment formation. Four atoms of nitrogen are eliminated as ammonia by chromic 
acid oxidation at 0° and tetrahydrophthalimide can be isolated in 75% yield. Oxidation 
with ceric sulphate, by the method used for phthalocyanine (Dent, Linstead, and Lowe, 
J., 1934, 1036), gave figures considerably higher than those required for the theoretical 
uptake of 1 atom of oxygen per molecule. This excess corresponds with the oxidation of 
the imide, which was found to be rapid under the conditions necessary to break the great 
ring. A rough correction for the oxidation of the imide gave a vdlue of 1-2 atoms of oxygen 
taken up per molecule of tetracyclohexenotetrazaporphin. 

The structures(II) and (III) represent, of course, only one state of the resonance hybrid. 


EXPERIMENTAL 


Continuous extractions were done following Barrett, Dent, and Linstead (J., 1936, 1726). 

3:4: 5: 6-Tetrahydrophthalimide.—3 : 4: 5: 6-Tetrahydrophthalic anhydride (61-0 g.) and 
urea (12-5 g.) were heated together at 155—160° until effervescence ceased and the mixture had 
almost completely solidified (45 minutes). The product was cooled and crystallised from 
benzene, giving 50-8 g. (83%) of the imide, which after sublimation had m. p. 170-5° (Kiister, 
loc. cit., found m. p. 169—170°) (Found: C, 63-3; H, 6-0; N, 9-0. Calc. for CgH,O,N: C, 
63-6; H, 6-0; N, 93%). 

3:4: 5: 6-Tetrahydrophthalamide.—The finely-powdered imide (41-0 g.) was mixed with 
aqueous ammonia (120 ml., saturated with ammonia at 0°) and set aside at 0° for 15 hours. 
The precipitated solid was filtered off and washed with cold water. Methanol removed 2-2 g. 
of unchanged imide, leaving 35-5 g. (83%) of 3:4: 5: 6-tetrahydrophthalamide, m. p. 208° 
(decomp.) (Found: C, 57-0; H, 7:3; N, 16-4. C,H,,0O,N, requires C, 57-2; H, 7-1; N, 
16:7%). The aqueous filtrate and washings were evaporated almost to dryness in a vacuum- 
desiccator over concentrated sulphuric acid, and alcohol was added. Decomposition of the 
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precipitated solid (4-4 g., 9%) commenced at 142° (cf. Kiister’s figure of 145° for ammonium 
3:4: 5: 6-tetrahydrophthalamate). Hydrolysis with concentrated hydrochloric acid converted 
it into 3: 4: 5: 6-tetrahydrophthalic anhydride in 97% yield. 

The diamide (2-5 g.) was dissolved in concentrated sulphuric acid (10 ml.), the solution 
cooled in a freezing mixture, and a saturated solution of sodium nitrite (5-0 g.) added in 
drops. The mixture was warmed on the steam-bath for } hour, then cooled, and ice was added. 
Ether extracted 1-77 g. of material which after crystallisation from light petroleum (b. p. 60— 
80°) had m. p. 67—68° and mixed m. p. 68—69° with 3:4: 5: 6-tetrahydrophthalic 
anhydride. 

2-Cyano-3 : 4: 5: 6-tetrahydrobenzamide.—The diamide (21-0 g.), acetic anhydride (25-5 ml.), 
and acetic acid (22-5 ml.) were refluxed together until a clear solution was obtained (1 minute; 
cf. 1 hour required for phthalamide, Byrne, Linstead, and Lowe, loc. cit.). The solution was 
cooled and diluted with an equal volume of water, and the precipitated solid was filtered off and 
washed with cold water. Benzene extracted 5-6 g. of imide, leaving 4-4 g. (24%) of 2-cyano- 
3: 4:5: 6-tetrahydrophthalamide which, recrystallised from acetone, had m. p. 169—170° 
(decomp.) (Found : C, 63-8; H, 6-6; N, 18-6. C,H, ON, requires C, 64-0; H, 6-7; N, 18-7%), 
Aunax, 2270 A (e 12,300) in ethanol. 

3: 4:5: 6-Tetrahydrophthalonitrile.—(a) Acetic anhydride. The diamide (4-5 g.) and acetic 
anhydride (20-0 ml.) were refluxed together vigorously for 5 hours, after which the acetic acid 
and anhydride were distilled off under reduced pressure. The residue was extracted several 
times with hot light petroleum (b. p. 60—80°), and the extracts were evaporated to dryness, 
vielding 0-73 g. (21%) of a product, m. p. 75—85°. This was warmed with 0-5Nn-sodium 
hydroxide solution (10 ml.), then cooled in ice, and the solid was filtered off, washed with water 
and dried. Pure 3:4: 5: 6-tetrahydrophthalonitrile, m. p. 96°, was obtained by recrystallisation 
from light petroleum (b. p. 60—80°) (Found: C, 73-0; H, 6-2; N, 20-9. C,H,N, requires 
C, 72:7; H, 6-1; N, 21-2%), Amex, 2290 A (e 18,500) in ethanol. 

(b) Phosphoric oxide. To a mixture of diamide (43-7 g.), triethylamine (106 g.; dried over 
phosphoric oxide), and benzene (200 ml.; similarly dried), phosphoric oxide (100 g.) was added 
as rapidly as possible and the mixture gently refluxed with stirring and protection from moisture. 
After 1-5 hours the benzene and excess of triethylamine were distilled out, finally under reduced 
pressure. Ice and water (300 g.) were added to the cold residue, and the mixture was left over- 
night. Some crude nitrile was filtered off and a further quantity was obtained by continuous 
ether-extraction of the filtrate for a few days. The combined products were boiled with 
N-sodium hydroxide (200 ml.) for 1 minute, and after cooling in ice the solid was filtered off, 
washed with cold water, and dried over sulphuric acid in a vacuum-desiccator. The yield of 
tetrahydrophthalonitrile was 12-8 g. (37%), m. p. 92—93°, and after one recrystallisation from 
light petroleum the m. p. was raised to 96°, not depressed by material made by method (a). 

The filtrate from the sodium hydroxide treatment was strongly acidified with hydrochloric 
acid and continuously extracted with ether. Removal of the ether yielded 20-6 g. (52%) of 
anhydride which after crystallisation from light petroleum (b. p. 60—80°) had m. p. and mixed 
m. p. 72°. 

Sodium and Metal-free Tetracyclohexenotetrazaporphins.—3 : 4: 5: 6-Tetrahydrophthalo- 
nitrile (520 mg.) was boiled with a solution of sodium (90 mg.) in isoamyl alcohol (5 ml.). The 
solution immediately became brown and then a blue solid was precipitated. After 15 minutes 
the solution was cooled and diluted with absolute ethanol, and the solid was filtered off and 
washed with ethanol and then ether. The yield of sodium tetracyclohexenotetrazaporphin was 
33-3 mg. (5-9%), the product being a blue powder (Found: Na, 8-8. C,,H,,N,Na, requires 
Na, 8-0%). Treatment with cold, dry pyridine extracted a small amount of metal-free pigment, 
identified spectroscopically. 

The sodium pigment prepared from 5-28 g. of nitrile was warmed on the steam-bath with 
2n-hydrochloric acid for 2 hours. The solid product was separated and washed successively 
with boiling water, alcohol, and ether, giving a deep blue solid (305 mg., 5-8%). Tetracyclo- 
hexenotetrazaporphin crystallised from chlorobenzene in blue, microscopic needles with a purple 
reflex (Found: C, 71-9; H, 63; N, 20-9. (C,,H,,N, requires C, 72-4; H, 6-5; N, 21-1%). 

After 16 hours’ heating with hydrochloric acid the yield was only 2-5%,. 

Magnesium Tetracyclohexenotetrazaporphin.—Dry isoamyl alcohol (100 ml.) was added 
slowly to ethereal methylmagnesium iodide (prepared from 1-92 g. of magnesium, 5-0 ml. of 
methyl iodide, and 50 ml. of ether), the ether being allowed to boil off. Tetrahydrophthalo- 
nitrile (10-0 g.) was added, the solution immediately becoming yellow. When the solution was 
boiled gently the colour rapidly deepened, being green after 5 minutes and pure blue after 
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20 minutes. Boiling was continued for 9 hours and the amyl alcohol was distilled out, 
eventually under reduced pressure. The residue was washed thoroughly with light petroleum 
and then treated with glacial acetic acid (100 ml.) and ice (100 g.) for 30 minutes. The solid 
was filtered off and washed with cold dilute acetic acid and then with boiling water until no 
further brown material was removed. The product was extracted with acetone, the extracts 
at first being almost black, owing to the presence of impurities. The latter were very rapidly 
removed, however, and the extracts were soon pure blue with a red fluorescence. Extraction 
was stopped at this stage, and the extracts on evaporation to dryness yielded 3-50 g. of an 
almost black solid containing only 14-3°% of magnesium pigment (estimated spectrometrically) 

The residue from the acetone extraction was extracted exhaustively with chlorobenzene, 
there being very little final insoluble residue. The cold extract was diluted with an equal 
volume of light petroleum, and the solid was filtered off, and washed with benzene and then 
alcohol. The yield of magnesium pigment (of about 97% purity) was 6-88 g. (62%). 

In another experiment, the crude material from the acetic acid treatment was thoroughly 
extracted with acetone and then with benzene. The latter extract was cooled, and the 
precipitated solid was filtered off, washed with benzene and then acetone, and dried, giving 
magnesium tetvacyclohexenotetvazaporphin dihydrate (Found: C, 65-1; H, 7-0; N, 193; Mg, 
4:2. C,,H,.N,Mg,2H,O requires C, 65-3; H, 6-1; N, 19-0; Mg, 4:1%). When dried over 
phosphoric oxide in a vacuum-desiccator for 24 hours this gave the monohydrate (Found: C, 
67-0; H, 58; N, 19-95. C3,H;,.N,Mg,H,O requires C, 67-3; H, 6-0; N, 196%). The 
dihydrate was boiled with pyridine, then filtered hot, and the filtrate was cooled. The 
precipitate was separated, washed with ether and light petroleum, and dried in a vacuum- 
desiccator. The hydrated pyridine complex crystallised in clusters of needles, blue by 
transmitted light but showing a pronounced purple reflex (Found: C, 68-9, 68-8; H, 6-1, 5-9; 
N, 19-0, 18:7; Mg, 3-5, 3-4. C3,H,.N,Mg,C;H,;N,H,O requires C, 68-4; H, 6-1; N, 19-4; Mg, 
3:8%). A solution of the pyridine complex in pyridine was dried for several hours with 
phosphoric oxide, then filtered into light petroleum (previously dried with phosphoric oxide), 
and the microcrystalline solid was filtered off and washed as above with anhydrous solvents. 
[he product so formed had the same composition (Found: C, 68-6; H, 6-4; N, 191; Mg, 
3°7%). 

Removal of metal from the magnesium pigment. The magnesium pigment (dihydrate) 
2-33 g.) was boiled with glacial acetic acid (50 ml.) for 15 minutes, water (100 ml.) was added, 
and the solid separated and washed with boiling water and with alcohol. The product was 
extracted with acetone for 1 hour, to remove impurities, and was then extracted exhaustively 
with chlorobenzene. The latter extract was cooled, and the solid was filtered off, and washed 
with benzene and then alcohol. The yield of metal-free pigment was 1-90 g. (90%) (Found 
C, 72-3; H, 66; N, 21-0%) 

Other Metal Derivatives —The metal-free pigment (167 mg.) was boiled in o-dichlorobenzene 
50 ml.) with anhydrous nickel chloride (1-45 g.) for 3-5 hours, the solution was cooled, and the 
solid was filtered off and washed with alcohol, dilute hydrochloric acid, and finally alcohol. 
Recrystallisation from chlorobenzene yielded 156 mg. (85%) of nickel tetracyclohexenotetraza- 
porphin (Found: C, 65-1; H, 5-3; N, 18-8; Ni, 8-9. C3,H3,N,Ni requires C, 65-45; H, 5-5; 
N, 19-1; Ni, 10-0°%). 

The cobalt pigment (100 mg., 75%) was prepared similarly from the metal-free pigment 
121 mg.) and cobalt acetate (1-0 g.), in boiling dichlorobenzene (50 ml.) for 40 minutes (Found : 
Co, 10-2. Cy,H,,N,Co requires Co, 10-0%). 

The magnesium pigment (dihydrate; 112 mg.) was boiled in pyridine (20 ml.) for 12 hours 
with copper bronze (100 mg.), and the solid was filtered off and washed with alcohol. The 
pigment was separated from unchanged copper bronze by extraction with chlorobenzene, the 
pigment ¢@rystallising almost completely from the extract. It was filtered off and washed with 
benzene and then with ethanol, giving copper tetracyclohexenotetrazaporphin (98 mg., 87%) 
Found: C, 64-9; H, 5-3; N, 18-7; Cu, 10-8. C,,H;,N,Cu requires C, 64-9; H, 5-5; N, 18-9; 
Cu, 10-7%) 

Preparation of Copper Phthalocyanine from Magnesium Phthalocyanine.—Magnesium phthalo- 
cyanine dihydrate (695 mg.) and copper bronze (440 mg.) were boiled together in quinoline 
(20 ml.) for 2 hours, alcohol was added, and the solid was filtered off. The crude pigment was 
separated from unchanged copper by dissolution in concentrated sulphuric acid and precipitation 
by ice in the usual manner, the yield of copper phthalocyanine being 534 mg. (76%) (Found, on 
sublimed material: N, 19-0; Cu, 10-9. Calc. for C,,H,,NgCu: N, 19-45; Cu 11-0%). 


Palladium Phthalocyanine.—(a) Phthalonitrile (110 g.) and palladium black (5-8 g.) were 
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refluxed together; blue pigment was formed almest immediately. After 48 hours the product 
was cooled and freed from excess of nitrile by extraction with chloroform and from unchanged 
palladium by flotation in chloroform. The product was then filtered off, washed with boiling 
ethanol, and dried (yield, 21-2 g.)._ It was shown spectroscopically to contain a little metal-free 
phthalocyanine, and was also still contaminated by traces of other solid impurity. The crude 
pigment (5-0 g.) was dissolved in concentrated sulphuric acid (50 ml.), the solution was filtered 
to remove insoluble impurities, and the filtrate poured on ice. The finely divided solid was 
boiled with nitric acid (20°; 50 ml.) for 5 minutes, the metal-free phthalocyanine being 
preferentially oxidised. The residual solid was filtered off, well washed with water and then 
with ethanol, dried, and crystallised from chloronaphthalene. The product showed no light 
absorption corresponding to metal-free phthalocyanine, the main bands in the visible region 
(in chloronaphthalene) being : I, 6605; II, 6335; III, 5955; IV, 5765; V, 5580 A. I > III 

Il >1IV >V. This product however had a high palladium content (Found: C, 60-3; H, 2-7; 
N, 17-7; Pd, 20-1. C,,H,,N,Pd requires C, 62-1; H, 2-6; N, 18-1; Pd, 17-2%). The analytical 
figures were little altered by further crystallisation (Found : C, 60-4, 60-3; H, 3-0, 2-9; N, 17-5; 
Pd, 18-8%), but after sublimation in a silica tube (compare Barrett, Dent, and Linstead, loc. cit.) 
were close to the correct values (Found: C, 61-7; H, 2:8; Pd, 17-0%). Crvystallisation thus 
appears to give a material containing excess of palladium (? colloidal) which is only lost by 
sublimation. 

(b) Metal-free tetracyclohexenotetrazaporphin (400 mg.) was refluxed in dichlorobenzene 
50 ml.) with palladous chloride (2 g.) for 33 hours. The solid was filtered off and washed with 
ethanol, then with boiling dilute hydrochloric acid until free from palladous chloride, and finally 
with ethanol. The product was extracted with chlorobenzene until no further blue material 
was extracted. The extract from spectroscopic examination consisted of approximately equal 
amounts of palladium tetracyclohexenotetrazaporphin and palladium phthalocyanine. The 
residue was extracted with chloronaphthalene and gave 131 mg. of a pigment shown spectro- 
scopically to be identical with palladium phthalocyanine, prepared from phthalonitrile. 

Oxidation of Tetracyclohexenotetrazaporphin.—(a) Hydrogen peroxide. Tetracyclohexeno- 
tetrazaporphin (91 mg.) was dusted into concentrated sulphuric acid (2-0 ml.), the solution was 
cooled in ice, and hydrogen peroxide (30% solution, 10 drops) was added. When the solution 
was allowed to warm to room temperature the colour became green immediately and then 
faded, until after 10 minutes the solution was only pale brown. The solution was poured .on 
ice and extracted continuously with ether, the extracts were dried (Na,SO,), and the solvent 
was distilled off. Light petroleum (b. p. 60-—80°) extracted from the residue 46 mg. (44%) of 
tetrahydrophthalimide, which after recrystallisation from light petroleum had m. p. 167—168 
and mixed m. p. 168—169°. 

(b) Chromic acid. A solution of metal-free pigment (104 mg.) in sulphuric acid (2-0 ml 
was cooled in a freezing mixture and poured on ice (3 g.). Chromium trioxide (80 mg.) 
dissolved in the minimum amount of water, was added. The mixture was kept at room 
temperature for 6 minutes, by which time the pigment was completely oxidised. The solution 
was extracted with ether, and the imide isolgted from the extracts was sublimed at 90°/14 mm 
The vield of tetrahydrophthalimide was 90 mg. (75%) of m. p. 166—168° and mixed m. p 
169—170°. 

A known weight (approx. 100 mg.) of metal-free pigment was dissolved in the minimum 
(0-5 ml.) of cold concentrated sulphuric acid and oxidised with chromium trioxide (80 mg.) as 
described above. The imide was removed by extraction with ether, and the ammonium salts 
in the residual aqueous solution were determined as in the Kjeldahl estimation (Found: 3-8, 
4-15 moles of ammonia per mole of pigment). 

(c) Ceric sulphate. 10—15 Mg. of the metal-free pigment were dissolved in concentrated 
sulphuric acid (5 ml.), the solution was cooled in a freezing mixture, and pure ice (20 g.) was 
added. A known volume of 0-01N-ceric sulphate solution was added immediately and the 
mixture was warmed on the steam-bath until all of the pigment was oxidised. The solution 
was treated at 0° with a known excess of standard ferrous ammonium sulphate solution and 
titrated with ceric sulphate solution, o-phenanthroline being used as indicator. A correction 
for the oxidation of tetrahydrophthalimide was made by carrying out the above operations on 
pure imide. Found: observed oxygen uptake (g.-atom/mole of pigment), 1-34, 1-35; 
corrected, 1-16, 1-23. 

Absorption Spectra.—For the control of preparative work, absorption spectra in the visible 
region were measured on a Hilger-Nutting spectrometer. For the measurement of intensities 
a Unicam spectrophotometer (SP500) was used, a hydrogen lamp being employed for readings 
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below 4000 A and a tungsten lamp for higher wave-lengths. Solutions were prepared by 
boiling an accurately weighed amount (0-5—1-0 mg.) of the pigment with the solvent, cooling, 
and diluting to 100 ml. For the accurate measurement of the main band it was sometimes 
necessary to dilute the solution 4 times. 


Absorption maxima (A) Absorption maxima (A) 
Pigment Solvent and log €max Pigment Solvent and log émax 
Metal-free PhCl 3425 5600 6000 6280 Cobalt ... PhCl 50: 5425 5910 
484 463 3:99 4-79 . -17 4-91 
Magnesium C,H,N 3470 5505 5995 Nickel ... PhCl 21% : 5915 
500 4:26 5-12 4-5! 5 4:77 
Dioxan 2750 3440 5485 5970 Copper... C,H,Cl, : 5¢ 5905 
409 496 421 5-01 ° “3 5-05 
Analyses were carried out in the microanalytical laboratory of the department 
(Mr. F. H. Oliver). For Dumas nitrogen determinations it was advisable to mix the compound 
with chromium trioxide to ensure complete combustion. We thank the Department of Scientific 
and Industrial Research for a maintenance grant (to G. E. F.) and Imperial Chemical 
Industries Limited, Dyestuffs Group, for gifts of chemicals. 
DEPARTMENT OF ORGANIC CHEMISTRY, 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
LonpDoN, S.W.7 Received, July 11th, 1952.) 


946. The Structure of «-Oxalic Acid and of the Carboxyl Group. 
By E. G. Cox, (Miss) M. W. DouaILt, and G. A. JEFFREY. 


Three-dimensional X-ray intensity data have been used to refine the 
crystal structure analysis of «-oxalic acid, with corrections for termination- 
of-series errors. The dimensions of the centrosymmetrical molecule are 
as follows: C-C 1-560, C-O 1-289, C—O 1-194 A, O-C—=O 128-1°, C-C—=O 
122-7°, C-C-O 109-1°, with standard deviations of 0-010 A, 0-007 A, 0-6°, 
0-5°, and 0-5°, respectively. The hydrogen bonding between molecules 
gives rise to a corrugated layer structure which is particularly compact, 
with the relatively high density of 1-91 g./ce.c. There is only one 
crystallographically unique hydrogen bond which is associated with a 
C=O --- H-O-C separation of 2-71 A. From the length of the C-C bond it 
is inferred that there is no conjugation of the carboxyl groups across the 
molecule, and since therefore resonance stabilisation presumably cannot 
be invoked, other factors which could determine the planar configuration 
of the molecule are considered. The structure of the carboxyl group is 
discussed in relation to data from other acids. It is concluded that, in 
contrast to the amino-acid crystal structures, for the aliphatic carboxyli 
acids there is no evidence that the structure of the acid group varies with 
the environment of the oxygen atoms. 


ANHYDROUS oxalic acid exists in two crystalline forms, both of which can be obtained at 
room temperature, although a study of its thermodynamic properties (Bradley and Cotson, 
to be published) has shown that the monoclinic $-form is unstable, with the transition 
point above the decomposition temperature. Both modifications were examined crystallo- 
graphically by Hendricks (Z. Krist., 1935, 91, 48) who determined the unit-cell dimensions, 
space-groups, and the main structural features. He showed that the «- and the $-form 
differed in the intermolecular arrangement and in the distribution of the hydrogen bonds 
which were characterised by oxygen-oxygen distances of 2-7 A between adjacent molecules. 
8-Oxalic acid possesses the cyclic type of carboxyl and hydrogen bond system (I) which is 
found in the simple monocarboxylic acid dimers and also in the crystal structure of potas- 
sium hydrogen carbonate (Nitta, Tomiie, and Koo, Acta Cryst., 1952, 5, 292). In the 
dicarboxylic acids this type of bonding links the molecules end-to-end in infinite chains. 
(The intermolecular oxygen—oxygen distances between chains, although shorter than the 
hydrocarbon van der Waals approach of 3-5 A, only correspond to weak forces as compared 
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with those linking the carboxyls to form the polymer-like chains.) A similar type of struc- 
ture is found in the $-form of succinic acid and the higher members of the dicarboxylic 
acid series (Verweel and MacGillavry, Z. Krist., 1939, 102, 60; Morrison and Robertson, /., 
1949, 980, 987, 1001); in these cases, however, the 8-form is the more stable. In «-oxalic 
acid the hydrogen bonds and carboxyl groups form an extended chain system, diagram- 
matically represented in (II), which links the molecules together to form a puckered layer 


oO OH---O /JOH--- -HO, ,O---HO, ,O---HO .0--- 
Sc-c SC-CK ~ e ; 
HO O---HO Quer 
(1) (II) 


structure throughout the crystal. This is somewhat similar to the hydrogen bonding in the 
structures of sodium and ammonium hydrogen carbonates (Zachariasen, J. Chem. Phys., 
1933, 1, 634; Brooks and Alcock, Nature, 1950, 166, 435). These two systems of hydrogen 
bonding are analogous to the two common forms of association in liquids, viz., (i) dimeris- 
ation as in monocarboxylic acids and (ii) polymerisation as in alochols. The crystallo- 
graphic data recorded for «-forms of succinic and higher members of the acids (Caspari, /., 
1928, 32; Rieck, Rec. Trav. chim., 1944, 68, 4) are insufficient to show whether a similar 
arrangement occurs in them. 

Hendricks found that the molecular dimensions in both forms of oxalic acid were 
approximately the same, viz., C-C = 1-57, C-O! 1-22, C—O? 1-29 A, and O'-C-0?2 127°. 
The atomic parameters on which these molecular dimensions were based were determined 
by trial, and Hendricks estimated that they were reliable to about a hundredth of the cell 
dimensions, i.e., to about 0-07 A, so there is an uncertainty of about 0-1 A in his interatomic 
distances. It is impossible, therefore, to draw any detailed conclusions relating to the 
character of the C-C and C—O bonds from these results, and the object of our re-investig- 
ation of the «-form has been to determine the molecular dimensions with sufficient precision 
to do this. In particular, we set out to determine first the degree of conjugation between 
the two carboxy]! groups as observed in the length of the intervening C-C link, and secondly 
the stereochemistry of the carboxyl group. 

Cell Dimensions and Intensity Measurements.—The «-crystals are orthorhombic, space- 
group Pcab, with four centrosymmetrical molecules in the unit cell; the crystal structure is 
defined, with the exception of the hydrogen atoms, by the parameters of one carbon atom 
and two oxygen atoms. Our measurements of the cell dimensions by the Straumanis 
method gave a = 6-546 + 0-005, 6 = 7-847 +- 0-005, c = 6-086 +. 0-005 A, differing 
somewhat from the earlier values and removing a discrepancy between observed and 
calculated density. With M = 90, V = 312-6 A’, the calcuated density is 1-916 in agree- 
ment with the observed value of 1-90 g./cm.?. Of the 354 reflections possibly observable 
with copper radiation, 50 were too weak to be distinguished from the background and two 
[(545) and (555)] were not recorded ; calculated intensities for these two were subsequently 
found to be quite small and the error introduced by their omission is considered to be 
negligible. 

Method of Structure Refinement.—It was confirmed that the structure factors calculated 
from the approximate atomic positions determined by Hendricks (Table 1, column A) 
gave satisfactory agreement with the quantitative measurements for the (40) and (OA/) 
reflections, and they were therefore used as the starting point for the structure refinement. 
[wo Fourier projections on (100) and (001) gave new co-ordinates which differed from the 
original by not more than 0-25 A. After refinement for phase changes, the signs were 
calculated for the 352 general h&l reflections which had been measured, and these structure 
factors were used for a three-dimensional refinement. This was carried out in three stages, 
with corrections for sign changes when necessary, as follows: (1) Sectional syntheses at 
x = 0-030 and 0-14 and z = 0-935 and 0-75 evaluated at 60ths of the cell edges in the 
vicinity of the atomic peaks. (2) A complete three-dimensional synthesis at 60ths through- 
out the whole unit cell (a section of this is shown in Fig. 1). (3) Differential syntheses 
evaluated at the positions of the maxima interpolated from (2). The shifts in A from these 
syntheses are given in column A!, Table 2, and show that the co-ordinates at which the 
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differential syntheses were calculated were in no case greater than 0-005 A away from the 
true maxima. 


TABLE 1. Atomic parameters in fractional co-ordinates. 


B Cc A B Cc A B C 
0-0603 0-0600 O'xX 0-13 0-1555 0-1553 O? X 0-02 0-0284 0-0283 
0-0569 0-0551 Y 0-99 00-9957 0-9941 7 0-22 0-2135 0-214] 
0-9127 00-9150 Z 0-75 00-7670 0O-7674 Z 0-95 0-9553 0-9561 
A, Hendricks’ parameters (change of origin from published values) 

B, Final co-ordinates from F,).. syntheses 
C, Final co-ordinates corrected for termination-of-series errors. 


The termination-of-series corrections were obtained from differential syntheses with 
Fac. as coefficients (cf. Cox, Gillot, and Jeffrey, Acta Cryst., 1949, 2, 356); they are given 
in column A,, Table 2. The mean value of the corrections is 0-006 A, and the maximum 
0-015 A. 


Fic. 2. Structure of a-oxalic acid projected on 
(100) showing (above) the two hydrogen- 


Fic. 1 bonded layers and (below) a single layer 


Electron-density distribution for 
an oxalic acid molecule in the 


section parallel to (302) 


2-0 eA-3 
0-0 eA-3 


Contour interval 


The X-ray intensities have appreciable values at the limiting spacing for Cu-K, radiation 
and consequently the Fourier series is quite sharply terminated. This leads to diffraction 
ripples and variations in the background of the three-dimensional Fourier synthesis as 
high as 1-5 e/A. However, the effect on the atomic parameters is offset by the sharp 
curvature of the atomic peaks (cf. Fig. 1) and the termination-of-series corrections are no 


TABLE 2. 


ca 


\ 
Z 
oO! 


xX 
y 
Z 
A! 
A 


Al 
0-0022 
0-0004 
0-0015 
0-0032 
0-0022 
0-0000 


A 
0-3947 
0-4465 
0-5313 
1-0179 
0-0337 
1-4180 


A? 
0-0019 
0-0141 
0-0140 
0-0013 
0-0126 
0-0024 


Shifts in the differential synthesis, with Fore, A? 
Final co-ordinates from observed data. B 


Atomic parameters (in A). 

B Al A A? 
0-3928 Oo? X 00037 «=0-1859 =: 60-0006 
0-4324 i 0-0035 1-6753 0-0047 
0-5173 00041 06-2720 0-0048 
1-0166 

0-0463 

1-4156 


Corrected final co-ordinates 


B 
0-185: 
1-6800 
0-2672 


Termination-of-series corrections 


greater than in other organic structure analyses in which there is a more rapid decline of 
intensities with sin 0. 

The three-dimensional Fourier syntheses and the differential syntheses were computed 
with B.T.M. Hollerith equipment by methods described elsewhere (Cox, Gross, and Jeffrey, 
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Acta Cryst., 1949, 2, 351; Greenhalgh and Jeffrey, tbid., 1950, 3, 311; Greenhalgh, Proc. 
Leeds Phil. Soc., 1950, 5, 301). 

The final atomic co-ordinates are given in unit-cell fractions in Table 1, and in A in Table 
2. The molecular dimensions and principal intermolecular distances are given in Table 3. 


TABLE 3.—Intramolecular dimensions (in A). 

cc’ 1-560 2-23 Ov 3-49 C’-C-O! 122° 40’ 

cC-O! 1-194 a’ §=62-63 : Pp C’-C-O? 109° 3 

C-Of 1-289 O'-C-O? 128° 9’ 
The list of observed and calculated structure factors is given in Table 7; the agreement 
between these two sets of values expressed as ¥|Fovs. — Feaic.|/=|Fovs.| is 0-145. In the 
earlier stages of the structure refinement, the James and Brindley scattering factor curves 
for C and O- with no temperature factor were used. Later, these were replaced by experi- 
mental f-curves which were used for the Feaic, in Table 7; they approximate very closely 
to the Hartree curves for carbon with a temperature factor of B = 0-6 x 10°1%, and oxygen 
with B = 0-8 x 10°1*. No contribution from the two hydrogen atoms was included in the 
calculations. A difference synthesis with F ops. Feaic aS coefficients was evaluated in the 
form of a bounded projection between the limits « = 0 and 4 to separate overlapping 
molecules, but it showed no features which were significant and which could be associated 
with the hydrogen electrons. 


TABLE 4. Intermolecular distances (in A). 
II) o1 O! 3-29 (I—IV) 
II’) 3-28 (I—IV’) 
III) 3-28 (I—IV’a) 
III’) 
IV) 
IV’) 


Roman numerals refer to the half-molecules in the following general positions 


4 


y, 
_—Y%, 
1, 4 j 


The R.M.S. standard deviation for the atomic positions calculated by Cruickshank’s 
method (Acta Cryst., 1949, 2, 65) from |Fobs. F caic.| and the curvature of the atomic 
maxima are for C 0-0052, for O! 0-0042, and for 02 0-0045 A. The corresponding standard 
deviations of the bond lengths are C-C 0-0103, C-O! 0-0067, C—O? 0-0063 A, and for the 
valency angles C’CO! 36’, C’CO? 33’, O'CO? 31’. 

Discussion of the Structure.—It is convenient to discuss the results under three headings : 
(i) the character of the central C-C bond and the structure of the carboxyl group; (ii) the 
stereochemistry of the oxalic acid molecule as a whole; and (iii) the molecular arrangement 
in the crystal lattice. 

(i) The C—C bond and the carboxyl group. The observed value of 1-560 A for the CH 
bond length is 0-015 A longer than the “‘ standard ’’ C-C single bond length of 1-5445 A in 
diamond. To discover whether this difference represents anything more than experimental 
error we apply the significance test P 1 — erf (A/4/2¢) to the difference, A (0-015 A), and 
the standard deviation, « (0-0103 A), of the measured length ; this gives a value of P = 0-071 
which is in the “ possibly significant” range so that the difference in bond length cannot 
be accepted as real without independent support. A parallel investigation of oxalic aci| 
dihydrate (Ahmed and Cruickshank, Acta Cryst., in the press) gives a value of 1-529 A 
for the C-C bond whch is 0-015 A shorter than the standard but not significantly different 
from it. We conclude therefore that the central bond in the oxalic acid molecule has a 
length which is the same as the diamond bond within probable limits (defined as 2-58c) of 

0-025 A. The theory of bond order-length relationships in conjugated organic molecules 
indicates that the length of the carbon-carbon bond is most sensitive to changes in = 
bonding in the region of the single bond, and it can therefore be inferred with some cer 
tainty that in oxalic acid there is no appreciable degree of conjugation between the two 
carboxyl groups across the central bond. Although the geometry of the molecule and the 
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trigonal hybridisation of the carbon valencies would appear at first sight to be as favourable 
to conjugation in this molecule as in, say, 1 : 3-butadiene, the strongly electronegative 
oxygen atoms evidently prevent any appreciable -bonding across the C-C link. Oxalic 
acid and butadiene can be regarded as the extreme members of a series butadiene (III), 
acraldehyde (IV), acrylic acid (V), glyoxal (VI), glyoxylic acid (VII), oxalic acid (VIII), 
in which a sequence of increasing C-C bond lengths might be expected, ranging from the 
1-46 A in butadiene to the 1-54 A in oxalic acid. So far only the two extreme molecules 
have been studied with sufficient detail to give reliable data. 
H HO 
H,C:CH-CH°CH, (III) C-CH°CH, (IV) ZC-CH:CH, (V) 
O 
© 
(V1) : (VII) a (VIII) 
OH OH 


The dimensions of the carboxyl group reveal a significant distinction between the two 
C—O bonds both in interatomic distances and in valency angles. The probability (cal- 
culated from the standard deviations) that the difference of 0-10 A in the bond lengths is 
due to experimental error is quite negligible. This is in agreement with the results from 
oxalic acid dihydrate (Ahmed and Cruickshank, Joc. cit.) and from N-acetylglycine (Car- 
penter and Donohue, /. Amer. Chem. Soc., 1950, 72, 2315), the one case in the recent series 
of accurate structure analyses of amino-acids where there is no possibility of any inter- 
molecular influence by zwitterion formation in the crystal; as shown in Table 5, these three 


TABLE 5. Dimensions of the carboxyl group from some recent precision structure 
, ‘ P. 7 
analyses. 


( 


a-Oxalic acid ¥s I 
xalic acid dihydrate | 
V-Acetylglycine . { i-t { l 
: I 

l 


Cc 
»« 
>. 


> 

-Threonine 16 
Hydroxyproline ...... 19 
substances contrast sharply with threonine and hydroxyproline in which zwitterion for- 
mation leads to a symmetrical resonance configuration (Shoemaker, Donohue, Schomaker, 
and Corey, tbtd., p. 2328; Donohue and Trueblood, Acta Cryst., 1952, 5, 419). 

The difference between the two C—O bond lengths is substantially less than we should 
expect between pure single and double bonds. Although the C—O bond is very close to the 
nean of a number of observations on aldehydes and ketones, the C-OH bond is much 
shorter than the C—O single bond length of 1-44 A found in alcohols and ethers (see, ¢.g., 
Cox and Jeffrey, Proc. Roy. Soc., 1951, A, 207, 110). In terms of valence bond resonance 
these results correspond to a structure for the un-ionised carboxyl group in which (LX) is 
more important than (X). 


OH OH 


Apart from the special case of zwitterion formation in amino-acids, it is not certain to 
what degree the structure of the carboxyl group is dependent on the molecular environment 
and hydrogen-bond system; it has been suggested (Vaughan and Donohue, Acta Cryst., 
1952, 5, 534) that the relative contributions of the two resonance forms, (IX) and (X), 
depend upon the situation of the two oxygen atoms in the crystal structure, 7.e., upon the 
number and strength of the hydrogen bonds. But the correlation of the results from the 
anhydrous oxalic acid and the dihydrate, which differ significantly only by 3° in the O?-C~( 
angle, is evidence that the acid group will have very nearly the same structure in all carb- 
oxylic acids regardless of environment. For in the anhydrous acid there is only one 
hydrogen bond between the two different oxygens, whereas in the dihydrate the situation is 
very different : there is no direct hydrogen bonding between carboxyl groups and there 
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are two different kinds of hydrogen bonds from the carboxyl oxygens to the water molecules. 
We think therefore that the results for oxalic acid can be critically compared with measure- 
ments on other carboxylic acids, and not only in the solid state. 

Although formic acid has been studied in some detail, the results (Table 6) appear to be 
inconclusive. In their electron-diffraction analysis of the monomer, Karle and Brockway 
considered 19 models with C—O between 1-22 and 1-29 A, C—O between 1-29 and 1-45, and 


TABLE 6. Molecular dimensions of formic acid. 
Cc = O-C=O0 = Method * Ref. 
Monomer 
1-42 A 24 / ‘ E.D. Karle and Brockway, |. Amer. Chem. Soc., 1944, 66, 574. 
1-368 “$ 23°! E.D Schomaker and O’Gorman, ibid., 1947, 69, 2638 
1-41 22 2 Spec Williams, J]. Chem. Phys., 1947, 15, 232. 
Dimer 
1-36 “2 y E.D. Karle and Brockway, /oc. cit. 
. = Electron diffraction. Spec. = spectroscopic 


O-C=O between 115° and 130°. Schomaker and O’Gorman, with more extensive experi- 
mental measurements, considered 17 models in which the distances varied from 1-33 to 
1-25, and 1-41 to 1-17, the mean being kept at 1-29 A. The results of the infra-red spec- 
trum analyses of the acid and its deuterated forms, although favouring the earlier electron- 
- diffraction work are not decisive (see Schomaker and O’Gorman, /oc. cit.). The formic 
acid dimer was also examined by electron diffraction (Karle and Brockway, Joc. cit.), 
with the conclusion that a model with equal C—O bonds was unacceptable. As in the work 
on the monomer, the model which would now appear to be the most likely from our results 
was not included in the trials. The same uncertainty applies to the electron-diffraction 
work on acetic acid monomer and dimer (Karle and Brockway, Joc. cit.). 

In the higher members of the dicarboxylic acid series (Morrison and Robertson, doc. cit.) 
there is a tendency for the C—O lengths to be distinguished ; for $-succinic, adipic, sebacic, 
and $-glutaric acids, the shorter bonds are 1-25, 1-23, 1-24, and 1-23 A, and the longer 
1-30, 1-29, 1-27, and 1-30 A. These results are from two-dimensional Fourier syntheses 
of the X-ray data with no termination-of-series corrections, and in no case is there any 
evidence that the dimensions of the carboxylic acid group are significantly different from 
those found in oxalic acid. The same-applies to the X-ray analyses of other carboxylic 
acids (e.g., the acetylenedicarboxylic acids, Dunitz and Robertson, J., 1947, 148; tartaric 
acid, Stern and Beevers, Acta Cryst., 1950, 3, 341; racemic acid hydrate, Parry, ibid., 1951, 
4, 131). 

There is therefore at present no evidence which contradicts the supposition from the 
results of the two oxalic acid analyses that, in the aliphatic carboxylic acids in contrast to 
the amino-acids, the structure of the acid group will differ only by small changes in valency 
angles with different hydrogen-bond environment. 

(ii) The stereochemistry of the molecule as a whole. In both anhydrous forms and in the 
dihydrate it is a space-group requirement that the oxalic acid molecule be centrosymmetric, 
and with the established planar distribution of carbon valencies in the carboxyl group, 
it follows that the whole molecule is planar. This stereochemistry was determined in the 
first investigations (Hendricks, loc. cit.; Zachariasen, Z. Krist., 1934, 89, 442) and no 
discrepancies have appeared in the refinements of the anhydrous form (or the dihydrate) 
to contradict this expectation. The planarity of the molecule together with the value of 
1-43 A for the C—C bond reported from the dihydrate structure (Robertson and Woodward, 
J., 1936, 1817; Dunitz and Robertson, /J., 1947, 142) was originally considered to be 
evidence for conjugation between the carbonyl groups. Since it now appears that the C-C 
is a single bond in length and by inference also a single bond in character, the significance 
of the planar configuration must be reconsidered. In the absence of the stabilising reson- 
ance energy associated with double-bond character it is difficult to account for the plan- 
arity of the molecule without the hypothesis of some special attractive force between the 
carbonyl and hydroxyl groups. Normally, since all the oxygen atoms tend to have excess 
negative charge, repulsive forces would favour a staggered configuration which increases 
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the O!- +--+ O?’ distances more than it diminishes the O!--- - O"’ and O2- - - - O?’ distances. 
Indeed a re-examination of the crystal structure of ammonium oxalate hydrate 
(following paper), confirms the earlier observation of Hendricks and Jefferson 
(J. Chem. Phys., 1936, 4, 102) that the oxalate ion is not planar and that the carboxyl 
groups are inclined to each other at an angle of about 30°; it further shows that the 
central C-C bond is not significantly different from 1-54 A, showing that this is a single 
bond in the ion as well as in the acid. 

In an isolated case a planar configuration might be attributed to restraint imposed on 
the molecules in order to achieve the most energetically favourable system of inter- 
molecular hydrogen bonds and van der Waals forces. That this cannot be the explanation 
is clearly shown by the fact that the oxalic acid molecule is flat in the dihydrate and in both 
anhydrous forms in which the hydrogen bond systems and molecular environments are 
entirely different. In the «-structure it appears rather that with some deviation from 
planarity in the molecule a more regular and even more compact crystal structure might be 
possible. Dipole-moment data indicate that in both C-OH and C—O the negative end 
of the dipole lies at the oxygen atom, and if it is assumed that the C—O dipole is substan 
tially greater in magnitude than the C-OH dipole, it might be thought that the molecule 


would be caused to assume a planar f/rans-configuration by repulsion of the C—O dipoles. 
Approximate calculations of the energy of repulsion are not conclusive, however, and it is 
doubtful whether the available information about the distribution of charge in the molecule 
is accurate enough to sustain a detailed calculation. An experimental approach to the 
problem is to determine the configurations of the hydrogen oxalate ion (XI); this is re- 
ported to be planar in potassium hydrogen oxalate (Hendricks, Z. Krist., 1935, 91, 57) 
but the analysis is not conclusive by modern standards, and we are making new ex- 


perimental measurements on this substance. 


oO oO HO 
(XT) Cc-—C - (XIIT) 
oO OH H OH 


It has been pointed out elsewhere (Jeffrey and Parry, Nature, 1952, 169, 1105) that there 
appears to be a correlation between the stereochemistry of the oxalic acid molecule and that 
of the «-hydroxy-acids. The crystal structures of two of these acids, tartaric acid (Stern 
and Beevers, Acta Cryst., loc. cit.) and racemic acid hydrate (Parry, tbid., loc. cit.), have 
been studied in some detail and it is a remarkable feature of the results that the 
C(OH):CO,H group is planar in both. In both cases a érans-configuration (XII) is 
indicated. The same planar arrangement is also found for each half of the tartrate 
ion (XIII) in Rochelle salt (Beevers and Hughes, Proc. Roy. Soc., 1941, A, 177, 251), and in 
K NaC,H,0.,4H,O (Sadanaga, Acta Cryst., 1950, 3, 416). 

rhese experimental results all suggest very strongly that the coplanar orientation of the 
C-OH and C=O bonds in these molecules is determined by some additional intramolecular 
force. While the presence of hydrogen atoms may well be essential to the operation of this 
force, it does not seem to be intramolecular hydrogen bonding of the normal kind found, 
for example, in salicylic acid, since in the structures under consideration all the hydrogen 
atoms are accounted for by intermolecular hydrogen bonds, although it should be noted 
that the hydrogen atoms have not been located in our analysis. The additional force 
seems to be associated with the strongly polar carbonyl group, which may exert an attrac 
tive force on an OH group in the same molecule even though its hydrogen atom is engaged 
in hydrogen-bond formation in another direction. There is in fact evidence to show that 
there is a similar situation around the NH group in the case of N-acetylglycine. As 
Elliott (J. Chem. Phys., 1952, 20, 756) has pointed out in another connection, Carpenter 
and Donohue’s X-ray analysis (loc. cit.) combined with Newman and Badger’s infra-red 
studies (tbid., 1951, 19, 1147) shows that the N-H-+--O intermolecular bonds 
are not linear; the H atom is- displaced towards a carbonyl oxygen atom in the same 
molecule as shown in (XIV) so that it is roughly equidistant from both oxygen atoms, and 
the whole O:C-C*-NH system in the molecule is planar. But it does not seem possible to 
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invoke the same mechanism to account for the planarity of the oxalic acid molecules, 

for in both the anhydrous and the dihydrate structures the intermolecular O?- ---+O! 

and the intramolecular 0? - - - - 0! directions are almost at 180° to each other, as in (XV). 
(iii) The intermolecular arrangement. The oxalic acid molecules in the «-form are 

linked by the hydrogen bonds to form a corrugated layer type of structure as shown in 

Figs. 2, 3, and 4. There is one hydrogen bond only from each oxygen linking a 
Fic. 3. Structure of a-oxalic acid projected on (O10). There ave no hydrogen bonds between the 

corrugated layers which are viewed edgewise 


C—O--+-+-+H-O-C pair with an oxygen-oxygen separation of 2:71 A. All other inte 
molecular oxygen—oxygen distances are greater than 3-1 A, and there are nine of these 
ranging from 3-1 to 3-55 A. 


O, 


303A. “EQ © (XIV) 
wy 
Pee 
H, 


* 


It is well known that the oxygen—oxygen separation for hydrogen bonding depends on the 
crystal structure. The value of 2-71 A is intermediate between the two distances in the di- 
hydrate, where 2-49 A probably corresponds to C-OH - - - - OH, and 2-88 A toC=O---- HOH 
(Ahmed and Cruickshank, Joc. cit.). The single C—O--++HO-C hydrogen-bond distance 
in the 8-anhydrous form is also reported as 2-71 A (Hendricks, loc. cit.) but this is liable 
to be amended by as much as -+-0-2 A on refinement of the crystal-structure analysis. 


Structure of a-oxalic acid projected on (001) 


Apart from the neighbour at 2-71 A, each oxygen atom is surrounded by nine others in 
adjacent molecules at distances varying between 3-1 and 3-55 A. Figs. 2, 3, and 4 show the 
relationship between the two different hydrogen-bonded layers. The centres of the 
molecules in alternate layers are staggered by }(a + 6 + c), and the symmetry and cell 
dimensions are such that in projection down the a-axis the oxygen atoms nearly overlap. 
For each O! there are two near neighbours in the same layer, seven in the layer below, and one 
in the layer above; for Ol’ the number of nearest neighbours above and below is reversed. 
For O? there are four near neighbours in the same layer, five above and one below. This 
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TABLE 7. Observed and calculated structure factors for «-oxalic acid. 
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TABLE 7.—continued. 
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close packing leads to the density of 1-91 g./c.c. which is exceptionally high for a crystal 
containing only carbon, oxygen, and hydrogen. It is noteworthy that a completely 
flat layer structure with a square hydrogen-bonding system similar to that in pentaery- 
thritol or racemic acid hydrate is not possible in this case because only one proton is avail- 
able for each pair of oxygen atoms. Accordingly, one pair of sides of the quadrilateral O! 
(I) O2 (II) O¥ (I) O?’ (11) is extended to 3-2 A, and the planar molecules are tilted to form 
the buckled layers. The equilibrium distance between oxygens not linked by hydrogen 
bonds must be close to 3-2 A, significantly less than the van der Waals diameter commonly 
ascribed to methylene and methyl groups. In this structure there is no distinction between 
the intermolecular separation of carbonyl and hydroxyl oxygens. 

The @-anhydrous form also has a high density, but that of the dihydrate is only 1-64 
g./c.c., and higher members of the dicarboxylic acid series range from 1-55 g./c.c. downwards 
with increase in the number of carbon atoms. In the hydroxy-acids, tartaric and racemic 
hydrate, there are also many oxygen—oxygen distances of 3-1—3-5 A, but in these struc 
tures the additional hydrogen bonding places a restraint on the intermolecular arrange- 
ment. Because of the directional property of the hydrogen bond, the molecular packing 
is less efficient than in the anhydrous oxalic acids from the point of view of space filling, and 
the densities are less (1-76 and 1-70, respectively). 

Concomitantly with the close packing and high density, the potential field due to 
intermolecular forces is greater and the thermal atomic vibration at room temperature is 
less in anhydrous oxalic acid crystals than in most organic molecular structures of similar 
constitution. This is manifested in the crystal-structure analysis in the relatively small 
value for the thermal vibration factor (e~2"®") associated with the atomic scattering 
factors, and more strikingly in the exceptionally high values of the electron density at the 
atomic maxima in the Fourier synthesis (Fig. 1). For the C, O%, and O?, pmax. is 17-2, 21-2, 
and 20-8 eA respectively (uncorrected for termination-of-series errors which are about 
1 eA-*). It was confirmed by approximate integration from the electron-density maps that 
the number of electrons associated with each atom was of the correct order (5-9, 7-7, and 
8-3 e, for C, O1, and O?, respectively). 


EXPERIMENTAL 

The anhydrous oxalic acid was prepared from the dihydrate by heating it at 100° to remove 
the water and by sublimation at 130°. Decomposition starts at about 150°. Crystallisation by 
cooling a saturated solution in fuming nitric acid at 60° gave crystals of the «-form which were 
too large for X-ray intensity measurements. Smaller and more suitable crystals were obtained 
from acetone solution. They absorb water rapidly to form the dihydrate on the surface, and 
single crystals stored over phosphoric oxide were quickly transferred to Lindemann glass 
tubes for the X-ray measurements. 

The crystal used for the intensity measurements had dimensions 0-06 x 0-08 x 0-06 cm. 
across opposite corners of a bipyramid. With the absorption coefficient of 17-4 cm.“ for Cu-K, 
this gives a probable error due to absorption of about 5% in the observed structure factors. 
The X-ray intensities were estimated by eye from photographs taken on a Leeds—Weissenberg 
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camera, a multiple film technique being used. All planes within the reflecting sphere for Cu-K, 
radiation with the exception of (545) and (555) could be recorded on 4, 3, and 4 equi-inclination 
layer line photographs about the a, b, and c axes, respectively. 
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Scholarship, and to the West Riding Education Authority for the award of a County 
Technological Scholarship to one of us (M.W.D.). We wish also gratefully to acknowledge 
grants from the Royal Society and the Department of Scientific and Industrial Research and 
the loan of apparatus by Imperial Chemical Industries Limited. 

DEPARTMENT OF INORGANIC AND PHYSICAL CHEMISTRY, 

THE UNIVERSITY OF LEEDs. [Received, August 8th, 1952 





947. The Structure of the Oxalate Ion. 
By G. A. JEFFREY and G. S. PARRY. 


An X-ray analysis of the crystal structure of ammonium oxalate mono- 
hydrate confirms the earlier conclusion of Hendricks and Jefferson (/. Chem. 
Phys., 1936, 4, 102), that in contrast to the oxalic acid molecule, the oxalate 
ion is non-planar; the angle between the planes of the carboxy] groups is 28°. 
The bond lengths in the ion are C-C 1-56, C-O! 1-23, C-O? 1-25 A, all +-0-05 A, 
and the angle O-C—O is 125°+3°. 


THE recent X-ray analysis refinement of the crystal structures of oxalic acid dihydrate 
(Cruickshank and Ahmed, Acta Cryst., in the press) and «-anhydrous oxalic acid (Cox, 
Dougill, and Jeffrey, J., 1952, 4854) has confirmed the original observations by Zachariasen 
(Z. Krist., 1934, 89, 442) and Hendricks (zbid., 1935, 91, 48) that the oxalic acid molecule 
although planar has a C—-C bond which is indistinguishable in length from 1-54 A, the value 
ascribed to a normal single bond. It was inferred that the carboxyl groups were separated 
by a pure o-bond with no conjugation across the molecule, and that some other interpretation 
than resonance interaction between carboxyl groups was necessary to account for the 
planar configuration (Jeffrey and Parry, Nature, 1952, 169, 1105). However, it might be 
argued that the central C-C bond has some degree of z-bonding character which restricts 
rotation, but is stretched as compared with the bonds in a non-polar molecule owing to 
the repulsion of the carbon atoms which tend to carry net positive charges by reason of 

b+ 8 b+ 8 
the C-O and C—O polarity. There may indeed be a small effect of this kind, for there are 
theoretical and experimental reasons for using 0-75 A rather than 0-77 A for the standard 
radius for a trigonal hybridised carbon atom (Coulson, Victor Henri Memorial Vol., Desoeur, 
Liége, 1948, 15; J. Phys. Chem., 1952, 56, 311). In the oxalate ion where the C—O bonds 
are equivalent, the carboxyl group resonance is greater than in the acid, and any conjugation 
across the molecule should be more marked. It is of interest, therefore, to consider 
carefully the evidence relating to the crystal structure of ammonium oxalate hydrate, for 
which it is reported that the oxalate ion is non-planar in addition to having a C-C bond 
length of 1-58 A (Hendricks and Jefferson, J. Chem. Phys., 1936, 4, 102). 

Ammonium oxalate hydrate crystallises in the orthorhombic sphenoidal class with two 
molecules related by the space-group symmetry P2,2,2 in a unit cell of dimensions a 8-04, 
b = 10-27, c = 3-82 A. As there are only two oxalate ions in the cell, the two-fold axis of 
symmetry normal to the C-C bond must be coincident with the crystallographic c-axis. 
Nine parameters then define the atomic positions of the ion. The water molecule lies in 
a special position determined by one unknown parameter, and the ammonium ions are in 
general positions. In Hendricks and Jefferson’s structure analysis, careful experimental 
measurements were made of the intensities for the (ARO) zone, an ionisation spectrometer 
being used. An approximate structure was determined in which the oxalate centres were 


at (00z), (442) and the oxygen atoms of the water molecules were at (402’, 042’), where 


z = 0-07 and 2’ 0-20 in fractions of the c-axis. The x and y co-ordinates were refined 
by a well-resolved Fourier projection down the c-axis until the agreement index, R 





. 
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(Z| Fovs. — Freaic.|) /(X|Fovs.|), for the (4kO) observations was 0-25. The C-C bond length, which 
depends only on the xz carbon co-ordinates, was 1-58 A. It is not possible from this 
projection to ascertain whether the oxalate ion is planar. Hendricks and Jefferson 
therefore examined photographs of the (O&/) zone and concluded that a coplanar oxalate 
ion was incompatible with the intensities of 004, 014, and 034. An angle of 28° between 
the planes of the carboxyl groups was found to give calculated intensities in good qualitative 
agreement with those observed. The C—O bond lengths were 1-25 and 1-23 A and the 
O-C-O angle was 129°. Although there was no doubt that the (4k0) projection was 
correct, it was difficult to assess the reliability of the z-co-ordinates in the absence of 
quantitative (Ok/) intensity measurements and because of the assumptions in respect to 
the atomic scattering factors (that fya,+ = fo = fu,o = 2fo over all values of sin 6). 

Our new experimental data consisted of quantitative measurements of the intensities 
of the (ARO) and (O&/) zones, covering a wider range of sin 6 than the previous structure 
analysis. Commencing with the (#0) projection, the structure factors were calculated 
from Hendricks and Jefferson’s parameters, the more appropriate scattering factor curves 
discussed below (p. 4867) being used. The agreement with the observed values improved 
to R = 0-159 with some particularly large discrepancies for four strong reflections. These 
appeared to be due to experimental error, for the comparison of the same calculated values 
with our intensity measurements gave better agreement with R = 0-107 over the same 
range of 80 reflections and R = 0-115 over the full range; the appreciable difference 
remained only for (110). A difference synthesis, computed with (Fo — Fo) as the Fourier 
coefhicients, showed that the termination-of-series corrections were small. There was 
some indication of a shift of the carbon atoms towards the origin, but the resulting 
improvement in R was not significant. There was no “ difference’’ electron density 
which could be unambiguously associated with the hydrogen electrons of the water mole- 
cules. The xy-co-ordinates derived by Hendricks and Jefferson were unquestionably 
more accurate than indicated by the agreement they had obtained between their observed 
and calculated structure factors, and with the possible exception of the carbon y-parameter 
there was no refinement of their values. 

The y- and z-parameters were now investigated, our quantitative measurements for 
the (OR/) zone being used. The structure factor phases were calculated from Hendricks 
and Jefferson’s parameters and a Fourier projection was computed. As was expected 
the NH,* and H,0 were the only resolved atomic peaks. The C and O? atoms completely 
overlapped and O! was partially resolved. However, the distribution of the electron 
density on the projection and the agreement index for the (O&/)’s of R = 0-127 proved 
conclusively that the ion was not planar. The parameters were refined by successive 
difference syntheses which confirmed the suspected change in the carbon y-parameter and 
produced small shifts in the z-parameters, the largest of which was 0-03 A. The final 
agreement index was R = 0-097. 

The atomic parameters are given in Table 1, and the corresponding dimensions of the 
oxalate ion in Table 2. 


TABLE 1. Atomic co-ordinates. 
In unit cell fractions : 

x ¥ 74 4 
0-092 0-025 0-066 0-739 
0-200 0-056 0-140 1-608 
0-118 0-142 0-001 0-949 
0-386 0-228 0-424 3-103 
0-500 0-0 0-192 4-020 


TABLE 2. Dimensions of the oxalate ion. 


O!-C-O, 
O1-C-C 
O8-C-C 
Angle between the COO~ planes 28°. 
or. ..OV 342A. Oo! 
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The standard deviation for the x- and y-co-ordinates of the carbon atom as calculated by 
Cruickshank’s method (Acta Cryst., 1949, 2, 65) is 0-008 A, which gives a standard deviation 
for the C-C bond of 0-022 A; the probable limit of error on the C-C bond length is therefore 
-0-05 A. The z-parameters of atoms unresolved in the a-axis projection are less accurately 
defined, so the probable limits for the C—O bonds are greater. The new co-ordinates do not 
differ significantly from the results of the earlier work, and greater accuracy could be 
obtained only by more precise experimental measurements of the principal zones or by 
measurement of the general (/A/) intensities. This was not considered necessary in this 
investigation, which has shown conclusively that the oxalate ion is non-planar in the 
crystals of ammonium oxalate monohydrate. 

The C-C length of 1-56 A is not significantly different from 1-54 or the 1-53 A found in 
the structure analysis of the oxalic acid dihydrate. As in the «anhydrous acid and the 
acid hydrate, the z-electronic systems of the carboxyl groups are separated by a single C-C 
bond. It is to be expected that the absence of conjugation would be associated with a 
non-planar structure, as is indeed found in the ion, in marked contrast to the planar acid 
molecules. The angle between the planes of the carboxyl groups is 28°, which, associated 
with the O'-O*’ distance of 2-76 A, is smaller than might be expected for perfectly free 
rotation about the central bond. In an isolated oxalate ion, a 90° angle would correspond 
to minimum interaction between the oxygen atoms, but in the crystal the configuration 
will be modified by the potential field of neighbouring ions and water molecules. The 
observed angle of 28° is therefore a characteristic of the crystal structure rather than of 
the oxalate ion and may be different in other crystalline salts. There appear to be no 
other structural studies of the crystalline oxalates apart from Hendricks’s early papet 
(loc. cit.), which gives the approximate structures of the neutral and acid potassium and 
rubidium salts. This work was not as detailed as in the ammonium salt analysis and it 
was assumed that all the ions were planar. However, there is no evidence that this is 
necessarily true, for, in reconsidering these results at the end of the later paper, Hendricks 
and Jefferson conclude that oxalate ions which are non-planar to the extent of -++-10° are 
compatible with their X-ray and optical data for the neutral salts. 

The two C-O bond lengths in the oxalate ion do not differ significantly, and the mean 
is in good agreement with other data, e.g., the formate ion in calcium formate in which 
the C—O lengths are 1-25, 1-25, 1-25, and 1-24 + 0-03 A, and the O-C-O angles are 125° 
and 124°-+-4° (Isamu and Kanji, ‘‘ X-Rays,’’ 1948, 5, 37; Structure Reports, Vol. II, 
p. 556, Oosthoek, Utrecht, 1951). 

The interionic distances and the co-ordination of the ions and water molecules are 
described in the earlier paper and are materially unaffected by the results of this analysis. 


EXPERIMENTAL 

Suitable crystals were obtained by evaporation of an aqueous solution in the form of small 
needles elongated about the a-axis. No corrections were made for absorption; these errors 
were minimised by using crystals of an approximately uniform cross-section of 0-02 cm. 
(u = 13-14 cm.-!). The intensities were measured by eye-estimation from Leeds—Weissenberg 
photographs of the zero layer line about the a- and c-axes, Cu-K,, radiation being used. In the 
(hkO) zone, 106 structure amplitudes were recorded as against 80 in the earlier work; 48 (Ok/) 
structure amplitudes were measured. 

In calculating the structure factors, the Hartree scattering factor curves were used for 
oxygen and carbon with a temperature factor of B = 2-46 x 107%, which was deduced from the 


Ss 
_ 
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F . : 
ex at against 4 sin? 0, the summation being over ranges of 4 sin? 6 0-6. 


alle 


slope of a plot of lo 
In deriving the NH,* scattering factors it was assumed that the amplitude of oscillation of the 
N-H bonds was such that a good approximation could be made by treating the ion as a freely 
rotating group. The scattering factor curve was calculated from the following expression 
f f f sin [4n7rq (sin 6) /A) 
/wu,t a : - 

- . 1H 4nrg (sin 6) /A 
The N* scattering factors were obtained from a curve which was identical with the Hartree 
curve for neutral N when (sin 6)/A >0-3 and tended smoothly to a value of 6-0 as (sin 6) /, 
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approached zero. A Hartree f, was used, and the length of the NH bond (ry) was assumed to 
be 1:0 A. As the use of this scattering function contributed more than any other single factor 
to the improved agreement between observed and calculated structure factors, it is given in 
the following Table, without a temperature factor. 


10-8 (sin 6) /A 0-1 0-2 0:3 0-4 0-5 0-6 0-7 
sin [4ern (s 2-44 0-44 —0-16 0-08 0-0 0-02 0-01 
fori (sin 8)/A 
5-29 4-04 3-00 2°! 1-90 1-65 1-54 

10-00 7-73 4:48 2-84 2-22 1-90 1-67 1-55 


4fy 


The authors are grateful to Miss F. Strachan for taking the X-ray photographs used in this 
work. 
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948. Carcinogenic Nitrogen Compounds. Part XIII.* Benzacridines, 
Benzocarbazoles, and Related Compounds bearing Ethyl and Propyl 
Groups. 


By Nec. Px. Buu-Hoi, REN£ ROYER, BERNARD ECKERT, and PIERRE JACQUIGNON. 


In continuation of earlier work (Buu-Hoi, J., 1946, 792; 1949, 670; 
1950, 1146), several benzacridines, dibenzacridines, benzocarbazoles, dibenzo- 
carbazoles, and benzophenarsazines bearing ethyl or propyl groups have 
been prepared for biological examination as potential carcinogens. 


In the 1: 2-benzanthracene and 3:4-benzophenanthrene series, several hydrocarbons 
bearing ethyl or propyl groups are active carcinogens (Badger, Cook, Hewett, Kennaway, 
and Martin, Proc. Roy. Soc., 1942, B, 131, 170; Shear and Leiter, J. Nat. Cancer Inst., 
1940, 1, 103) or inhibitors of tumour growth (Badger, Elson, Haddow, Hewett, and 
Robinson, Proc. Roy. Soc., 1942, B, 180, 255); in some cases, the biological activity of 
the ethyl or tsopropyl compounds surpasses that of the corresponding methyl compounds. 
A large number of benzacridines, dibenzacridines, benzocarbazoles, dibenzosarbazoles, and 
benzophenarsazines bearing ethyl, m-propyl, or isopropyl radicals has therefore been 
prepared by standard methods. 

3”’-Ethyl-1 : 2-6 : 7-dibenzacridine is moderately carcinogenic on the skin in mice and 
7-ethyl-5-methyl-1 : 2-benzacridine fairly active. 


EXPERIMENTAL (with M. HUBERT-HABART) 


Preparation of 6-Ethyl-2-naphthol.—6-Acety1-2-methoxynaphthalene (Haworth and Sheldrick, 
J., 1934, 865) was reduced by the Clemmensen method, and the product (38 g.) demethylated 
with pyridine hydrochloride. Reaction of 6-ethyl-2-naphthol, aromatic aldehydes, and 
hydrogen chloride in acetic acid gave the following 3: 4-6: 7-dibenzoxanthens (Claisen, 
Annalen, 1887, 237, 265) : 5-p-chlorophenyl-2’ : 3’’-diethyl- (from p-chlorobenzaldehyde), long, 
shiny needles (from acetic acid), m. p. 202—-203° (Found: C, 82-6; H, 5-8. Calc. for C;,H,,OCI 
C, 82-9; H, 56%); 5-(3: 4-dichloropheny])-2’ : 3’’-diethyl-3 : 4-6 : 7-dibenzoxanthen (from 
3 : 4-dichlorobenzaldehyde), shiny leaflets (from acetic acid), m. p. 218° (Found: C, 77:1; 
H, 5-0. Calc. for C,,H,,OCl,: C, 77-0; H, 4-9%). 

2’-Ethyl-3 : 4-benzocarbazole.—6-Ethyl-2-naphthol (5 g.) and phenylhydrazine hydrogen 
sulphite (50 c.c. of a saturated aqueous solution) were refluxed for 48 hours; the carbazole, 
in benzene, was washed with dilute hydrochloric acid, and then vacuum-distilled (b. p. 300 
310°/24 mm.); it formed needles (from methanol) (1 g.), m. p. 131° (Found: C, 88-0; H, 6-0 
C,,H,,;N requires C, 88-2; H, 6-1%), giving a violet-red picrate. 

2’-isoPropyl-1 : 2-5 : 6-dibenzocarbazole.—7-isoPropy]-1-tetralone 8-naphthylhydrazone, heated 
for 5 minutes with a saturated solution of hydrogen chloride in acetic acid, gave 3: 4-di- 
hvdro-2’-isopropyl-1 : 2-5 : 6-dibenzocarbazole (95%), needles (from benzene), m. p. 194°, which 
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formed a deep red sulphuric acid solution (Found: N, 4:3. (C,,H,,N requires N, 45%); a 
solution of this compound (2 g.) in xylene, refluxed for 2 hours with chloranil (2-4 g.), yielded 
2’-isopropyl-1 : 2-5 : 6-dibenzocarbazole, as shiny leaflets (from benzene), m. p. 203° (Found : 
C, 89-0; H, 6-2. C,,H,,N requires C, 89-3; H, 6-1%), giving a deep red sulphuric acid solution, 
and a deep violet picrate. The Grignard derivative of this carbazole with methyl sulphate gave 
9-methyl-2’-isopropyl-1 : 2-5 : 6-dibenzocarbazole, shiny leaflets (from methanol), m. p. 173° 
(Found: C, 89-0; H, 6-4. C,,H,,N requires C, 89-2; H, 6-5%). 

Amines derived from Ethylanilines—p-Ethylaniline (15 g.) [toluene-p-sulphonyl derivative, 
long silky needles (from ligroin), m. p. 91° (Found: N, 5-0. C,;H,,O,NS requires N, 5-1%)], 
and «-naphthylamine (17 g.) were refluxed for 24 hours with iodine (0-5 g.); N-p-ethylphenyl- 
a-naphthylamine (12 g.) formed a pale yellow, viscous oil, b. p. 260°/21 mm. (Found: C, 87-2; 
H, 6-8. C,,H,,N requires C, 87-4; H, 6-9%). Similarly prepared were: N-p-ethylphenyl-8- 


(a) Substituted 1 : 2-benzacridines. 

Found, % Reqd., % 

Substituent J Formula ( H > H 
thyl-5-methy] , 7N 88-4 6-5 88-6 6-3 
thyl-9-methy] ¢ 82 roti ,N 88-3 6-3 88-6 6-3 
7-0 


7-E 
6-E 
5: 


6-Diethyl-9-methy] ° j nai ) 87-9 6-8 88-3 4 
8-Chloro-9-methyl-5-isopropyl ... 5“ , NC 78-7 5-8 78-9 5-6 

* The picrate formed from ethanol orange-brown needles, m.p . 144 > The picrate formed from 
ethanol orange needles, m. p. 127° [the low m. p. of the two picrates is characteristic of picrates of 
1 : 2-benzacridines bearing an alkyl group in the 9-position (cf. Buu-Hoi, /]., 1949, 670; 1950, 1146; 
Senier and Austin, /., 1907, 91, 1240) 


(b) Substituted 3 : 4-benzacridines and their derivatives. 


Found, ® 
Substituent M. p. (or b. p./mm.) Formula ( 
7-Ethyl-5-methy] * 295-—300° /20 rg tty 2N 
Picrate 236 (dec. > 210) ragtlagON, 
Hydrobromide 219 “goH 1 gN Br 
5 : 7-Diethyl 300/18 >a HH igN 
Picrate 236 (dec. > 205 -a7H2O7N, 
Hydrobromide 218—2: -93 Hag N Br 
6-Ethyl-9-methy] cag tl y_N 
Picrate 265 (dec. > 25! CogHagO-N, 
9-Methy1-6-n-propy] Cy,Hy,N 
Picrate ; 
9-Ethy]-6-n-propyl 
Picrate 
6-Ethyl-5 : 9-dimethy] 
Picrate 
5 : 6-Diethyl-9-methy] 
Picrate 
5-tsoPropyl 
Picrate 238 (dec 
7-Methyl-5-isopropy] 156 
Picrate 274 (dec. 
7-Ethyl-5-isopropy] 
Picrate 
9-Methyl-5-isopropy] 
Picrate 
9-Phenyl-5-isopropy] 
Picrate 
6 : 7-Dimethyl-5-isopropy] 
Picrate 
8 : 9-Dimethyl-5-isopropy] 
Picrate 
2’-tert.-Butyl-7-methy]-5-isopropy] 
Picrate 
8-Chloro-9-methyl-5-isopropy] 
Picrate 
* Lone values relate to nitrogen (for picrates) 
* The acridines were recrystallised from methanol or ethanol, their picrates from xylene or nitro- 
benzene, and their hydrobromides from dilute ethanol. 


naphthylamine, shiny prisms (from methanol), m. p. 64° (Found: C, 87-1; H, 7-1%); N-(5- 
ethyl-2-methylphenyl)-x-naphthylamine, a thick yellow oil, b. p. 263—264°/16 mm. (Found : 
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C, 87-1; H, 7-2. Cy, gH,,N requires C, 87-4; H, 7°3%); and the $-naphthyl analogue, a viscous 
yellow oil, b. p. 265—268°/16 mm. (Found: C, 87:3; H, 7-5%). 

Amines derived from 6-Ethyl-2-naphthol.—6-Ethyl-N-phenyl-2-naphthylamine (7 g.), prepared 
similarly, had b. p. 250—255°/16 mm., and formed silky needles (from methanol), m. p. 100° 
(Found: C, 87-1; H, 7-1. C,,H,,;N requires C, 87-4; H, 6-9%); the p-tolyl analogue formed 
shiny leaflets (from ethanol), m. p. 101° (Found: C, 87-1; H, 7:1. C,gH,,N requires C, 87-4; 
H, 7:3%). 6-n-Propyl-N-phenyl-2-naphthylamine was a pale yellow, viscous oil, b. p. 270— 
272°/16 mm. (Found: C, 87-2; H, 7°5. C,H N requires C, 87-4; H, 7:3%), and the p-tolyl 
analogue silky needles (from light petroleum), m. p. 76—77° (Found: C, 87-0; H, 7-3. C,,H,,N 
requires C, 87-3; H, 7-6%). 

10-Chloro-8-ethyl-5 : 10-dihydro-1 : 2-benzophenarsazine.—A solution of N-p-ethylphenyl-f- 
naphthylamine (3-5 g.) and arsenic trichloride (3 g.) in o-dichlorobenzene (20 c.c.) was refluxed 
for 3 hours; the solid arsazine obtained on cooling gave silky, orange-yellow needles (4-5 g.), 
m. p. 241° (decomp. >225°), from nitrobenzene; these gave an orange-red sulphuric acid 
solution (Found: C, 60-6; H, 4-0. C,,H,,NCIAs requires C, 60-8; H, 42%); the isomeric 
3’-ethyl compound formed shiny, orange-yellow leaflets (from nitrobenzene), m. p. 220° (decomp. 
>212°) (Found: C, 60-4; H, 4-1%). 

10-Chloro-8-ethyl-5 : 10-dihydro-3 : 4-benzophenarsazine.—This compound formed from o0-di- 
chlorobenzene silky, golden-yellow prisms, m. p. 210° (decomp. >196°) (Found: C, 60-5; H, 
4:1%), and, when it (1-2 g.) was treated with an ethereal solution of methylmagnesium iodide in 
excess, yielded 8-ethyl-5 : 10-dihydro-10-methyl-3 : 4-benzophenarsazine (1 g.), shiny needles 
(from ligroin), m. p. 109—110°, giving with sulphuric acid an orange colour (Found: C, 68-0; 
H, 5-1. Cy gH,,NAs requires C, 68-1; H, 5-4%). 

10-Chloro-9-ethyl-5 : 10-dihydro-6-methyl-1 : 2-benzophenarsazine formed from toluene silky, 
yellow needles, decomposing above 245° (Found: C, 61-4; H, 4-4. C,,H,;NCIAs requires 
C, 61:7; H, 4:6%); the isomeric 3’-ethyl-8-methyl compound crystallised from nitrobenzene as 
silky, golden-yellow prisms, m. p. 275° (decomp. >270°) (Found: C, 61-4; H, 4-3%). 
10-Chloro-9-ethyl-5 : 10-dihydro-6-methyl-3 : 4-benzophenarsazine crystallised from toluene as 
long, silky, lemon-yellow needles, m. p. 205° (decomp. >188°) (Found: C, 61-3; H, 4-4%). 

5-Ethylisatin.—To a mixture of chloral hydrate (54 g.) and sodium sulphate (750 g.) in water 
(800 c.c.), a solution of p-ethylaniline (30 g.) in 10% hydrochloric acid (220 c.c.) and then an 
aqueous solution of hydroxylamine hydrochloride (60 g.) were added; after a brief boiling, the 
mixture was cooled, and the precipitated isonitroso-compound collected, dried, and treated with 
sulphuric acid (360 g.) below 80°. The isatin obtained after decomposition with ice crystallised 
from methanol as long, silky, orange needles, m. p. 135° (Found: C, 68-4; H, 5-2. C,,H,O,N 
requires C, 68-6; H, 5-1%); the indophenazine obtained with o-phenylenediamine formed from 
ethanol silky, yellow needles, m. p. 227—-228° (Found: N, 16-7. C,,H,,N, requires N, 17-0%); 
5-ethylisatin N’-phenylhydrazone crystallised from ethanol as bright yellow plates, m. p. 200°. 

3’’-Ethyl-1 : 2-6 : 7-dibenzacridine.—A mixture of 6-ethyl-2-naphthol (2 g.) and «-naphthyl- 
amine (2 g.) was cautiously treated at 250° with paraformaldehyde (1 g.) in small portions; the 
acridine was subsequently boiled for 5 minutes, and purified by vacuum-distillation. The 
picrate, crystallised from nitrobenzene as fine, orange-yellow prisms, m. p. 276—277° (decomp. 
>240°) (Found: N, 10-0. C,,H,;N,C,H,O,N requires N, 10-4%); its decomposition with 
aqueous ammonia vielded the base, fine, pale yellow needles (from ethanol), m. p. 154° (Found : 
C, 89-6; H, 5-6. C,,H,,N requires C, 89-9; H, 5-5%). 

This work forms part of a cancer research scheme (Professor A. Lacassagne) financially 
supported by The United States Public Health Service (Federal Security Agency); the authors 
express gratitude to the authorities concerned. 
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949. Pyrazine Derivatives, Part XIV,* and Aspergillic Acid, 
Part IV.t 


By J. J. GALLAGHER, G. T. NEWBOLD, WILLIAM SHARP, and F. S. SPRING. 


Treatment of pi-leucyl-pL-isoleucine anhydride (3-isobutyl-6-sec.-butyl- 
2 : 5-diketopiperazine) (V) with phosphoryl chloride gave a mixture from 
which was isolated 5-isobutyl-2-sec.-butyl-3-hydroxypyrazine (VII), isomeric 
with deoxyaspergillic acid (2-isobutyl-5-sec.-butyl-3-hydroxypyrazine) (II). 
5-isoButyl-2-sec.-butyl-3-hydroxypyrazine (VII) has been synthesised by an 
unambiguous method. 


OF the two structures (I; R = Bu’, R’ = Bu’, or vice versa) (Dunn, Newbold, and Spring, 
J., 1949, S 131) for aspergillic acid, a decision was made in favour of the latter by Newbold, 
Sharp, and Spring (J., 1951, 2679) who synthesised 2-1sobutyl-5-sec.-butyl-3-hydroxy- 
pyrazine (II) and showed it to be identical with racemic deoxyaspergillic acid. The present 
paper describes an attempt to synthesise deoxyaspergillic acid by a different route. Since 
with phosphoryl chloride Di-phenylglycine anhydride gives 3-hydroxy-2 : 5-diphenyl- 
pyrazine (Gallagher, Newbold, Spring, and Woods, J., 1949, 910) and Di-leucine anhydride 
gives 2 : 5-ditsobutyl-3-hydroxypyrazine (Dunn, Newbold, and Spring, J., 1949, 2586), the 
action of the chloride on pt-leucyl-pDL-tsoleucine anhydride (3-isobutyl-6-sec.-buty]-2 : 5- 
diketopiperazine) (V) was investigated. 


(“NR , rn (S\cH,CHMe, 
R'\ ko = Rr jou EtMeCH| JOH 
} 
) 


| 
OH (I) O (II) 


The mixed anhydride has been prepared by two methods (Dunn, Gallagher, Newbold, 
and Spring, J., 1949, S 126). The first consisted in the dehydration of pL-leucyl-DL-1so- 
leucine (IV) by heating it with @-naphthol and gave the diketopiperazine (V), m. p. 275— 
276°. The second method included the preparation of 2-bromo-4-methylpentanoyl-DL- 
isoleucine (III); this was esterified and the ester was treated with ammonia. The diketo- 
piperazine obtained by this method had m. p. 266—267°. We now find that the inter- 
mediate 2-bromo-4-methylpentanoyl-DL-tsoleucine (III) prepared by the method of 
Abderhalden, Hirsch, and Schuler (Ber., 1909, 42, 3394) exists in two racemic forms: one 
of m. p. 178—179°, identical with that described by Dunn, Gallagher, e¢ al. (loc. cit.), the 
other of m. p. 131—133°. Esterification of either form of 2-bromo-4-methylpentanoyl- 
DL-isoleucine followed by treatment of the product with ammonia gave the samme product, 
m. p. 266—267°, fractional crystallisation of which gave a less soluble modification, m. p. 
275—276°, of pt-leucyl-pDL-isoleucine anhydride, identical with that obtained by the 
dehydration of pi-leucyl-DL-tsoleucine, and a more soluble modification, m. p. 258—259°. 

pL-Leucyl-pDL-tsoleucine anhydride (V) has been prepared by a third route. Condens- 
ation of 2-bromo-3-methylpentanoyl chloride with DL-leucine gave two racemic forms of 
2-bromo-3-methylpentanoyl-DL-leucine (VI), m. p. 96—98° and 144—145-5° respectively. 
Treatment of the higher-melting form with ammonia gave the dipeptide DL-tsoleucyl-DL- 
leucine. Esterification of each modification of 2-bromo-3-methylpentanoyl-DL-leucine 
(VI) followed by reaction with ammonia gave a mixture from which the two modifications 
of pt-leucyl-pL-isoleucine anhydride (V) were separated. 

Treatment of either form of the anhydride with phosphoryl chloride gave a mixture 
from which 5-isobutyl-2-sec.-butyl-3-hydroxypyrazine (VII), m. p. 96—98°, was isolated ; 
the isomeric 2-isobutyl-5-sec.-butyl-3-hydroxypyrazine (II) (deoxyaspergillic acid) was not 
isolated. In addition to (VII), 3(or 6)-isobutyl-6(or 3)-sec.-butyl-2-chloro-5-hydroxypyr- 
azine (VIII) and a mixture of chloropyrazines were isolated. This mixture probably con- 
tains 3-isobuty]-6-sec.-butyl-2 : 5-dichloropyrazine and a monochloro-2-isobutyl-5-sec.- 
butylpyrazine but a pure component was not isolated directly from the mixture. Treat- 

* Part XIII, J., 1951, 932 + Part III, J., 1951, 2679. 





{1952} Pyrazine Derivatives. Part XIV. 4871 


ment of the mixture with sodium ethoxide gave 3(or 6)-isobutyl-6(or 3)-sec.-butyl-2- 
chloro-5-ethoxypyrazine, hydrolysed by mineral acid to the 2-chloro-5-hydroxypyrazine 
(VIII) which was isolated directly from the original reaction mixture. 


R-CHBr-CO-NH-CHR“-CO,H R«CH(NH,)*CO*NH-CHR-CO,H R’CHBr-CO-NH-CHR-CO,H 
(111) (IV) 
H 
Ne N Ne. : 
C1/*SR’(R) OC CHR ~" SCH MeEt 
R(R)' JoH — Rye go — Me,CH-CcH,! Jon 
-e ‘ Nw 
(VII) 
(VIII) (V) 


(EtO),CH-COR —> (FtO)CH--R 7 
(IX) (X) ; 

O (XIII) 
R =—CH,°CHMe,; R’ = —CHMeEt 


The structure ascribed to the hydroxypyrazine (VII) depended on the argument that 
its method of formation requires it to be either 5-isobutyl-2-sec.-butyl- or 2-tsobutyl-5-sec.- 
butyl-3-hydroxypyrazine. Of these, the latter (deoxyaspergillic acid) has been unam- 
biguously synthesised (Newbold, Sharp, and Spring, Joc. cit.) and differs from (VII). This 
has been confirmed by the following synthesis. 2-Keto-4-methylpentanal diethyl acetal 
(IX) (Dakin and Dudley, /J., 1914, 105, 2453) was converted into its oxime (X) which on 
controlled hydrolysis gave the «-oximino-aldehyde (XI). Condensation of the last com- 
pound with pt-soleucine nitrile (XII) gave 2-amino-6-isobutyl-3-sec.-butylpyrazine 
l-oxide (XIII) which on dithionite reduction and subsequent treatment with nitrous acid 
gave 5-1sobutyl-2-sec.-butyl-3-hydroxypyrazine (VII) identical with the product from the 
diketopiperazine. 

EXPERIMENTAL 
2-Bromo-4-methylpentanoyl-pL-isoleucine was prepared as described by Dunn, Gallagher, 
Newbold, and Spring (loc. cit.). The crude product, m. p. 134—144’, after six crystallisations 
from aqueous ethanol gave the higher-melting racemate as rhombic plates, m. p. 178—179° 
(38%). The more soluble isomer was obtained from the mother-liquors as plates, m. p. 131- 
133° (50%) (Found: C, 46-8; H, 7:3; N, 4:5. C,,H,.O,NBr requires C, 46-8; H, 7-2; N, 
45%). 

2-Bromo-3-methylpentanoyl-p.-leucine.—2-Bromo-3-methylpentanoyl chloride (40 g.; 
Abderhalden, Hirsch, and Schuler, Joc. cit.) and N-sodium hydroxide (267 c.c.) were added 
simultaneously during 45 minutes with vigorous stirring and ice-cooling to pi-leucine (20 g.) 
in N-sodium hydroxide (153 c.c.). The solution was acidified with 5n-hydrochloric acid (54 c.c.), 
an oil separating which rapidly solidified (42-7 g.; m. p. 115—125°). The solid (26 g.) was 
fractionally crystallised from benzene, to give a less soluble fraction A and a more soluble fraction 
B. Repeated crystallisation of fraction A from benzene gave 2-bromo-3-methylpentanoyl-DL- 
leucine as rhombic plates (6-2 g.), m. p. 144—145-5° (Found: C, 46-7; H, 7-0; N, 4-5. 
C,,H,,.O,NBr requires C, 46-8; H, 7-2; N, 45%). After many crystallisations from light 
petroleum (b. p. 60—80°), fraction B gave the second form (10-5 g.) as rods, m. p. 96—98° 
(Found: C, 46-9; H, 7-2; N, 45%). 

pL-isoLeucyl-pi-leucine.—A solution of 2-bromo-3-methylpentanoyl-pi-leucine (m. p. 
142—144°) in aqueous ammonia (d 0-88) was heated at 140° for 1 hour, then evaporated under 
reduced pressure, and the residue was extracted with boiling acetone. The extract was con- 
centrated and kept at 0° overnight. The solid which separated was washed with cold ethyl 
acetate and crystallised thrice from water, to give D1L-isoleucyl-pi-leucine (20%) as prisms, 
m. p. 272—274° (Found: C, 58-6; H, 9-9; N, 11-7. C,,H,,0O,N, requires C, 59-0; H, 9-9; 
N, 11-5%), insoluble in cold water, ether, or benzene, and slightly soluble in cold acetone 
or ethanol. 

pi-Leucyl-pi-isoleucine Anhydride (3-isoButyl-6-sec.-butyl-2 : 5-diketopiperazine).—(a) 2- 
Bromo-4-methylpentanoyl-pL-isoleucine (12 g.; m. p. 131—133°) was esterified and the ester 
treated with alcoholic ammonia as described for the higher-melting modification (Dunn, Gal- 
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lagher, et al., loc. cit.). The solid separating from the final reaction mixture crystallised from 
ethyl acetate, to yield pL-leucyl-pL-isoleucine anhydride as needles, m. p. 265—267°. Fractional 
crystallisation from ethanol gave a less soluble modification as needles, m. p. 275—277° (0-75 g.) 
undepressed when mixed with the diketopiperazine obtained by Dunn, Gallagher, et al. (loc. cit.) 
by treatment of pi-leucyl-pL-isoleucine with 8-naphthol (Found: N, 12-3. Calc. for C,.H,,0,N;,: 
N, 12-4%), and a more soluble form (3-4 g.) which separated as needles, m. p. 258—259° (Found : 
N, 12-5. C,.H,..O,N, requires N, 12-4%). A mixture of the two modifications has an inter- 
mediate m. p. 

Treatment of the higher-melting form of 2-bromo-4-methylpentanoy]-pt-isoleucine (12-0 g.) 
as described above gave a pL-leucyl-pL-isoleucine anhydride separating as needles, m. p. 265— 
267°, from ethyl acetate. Fractionation from ethanol gave the modification, m. p. 275—277° 
2-1 g.), as needles, undepressed in m. p. when mixed with the specimen described above (Found : 
C, 63-9; H, 10-0; N, 12-2. Calc. for C,,H,.O,N,: C, 63-7; H, 9-8; N, 124%), and the more 
soluble modification separating as needles (2-1 g.) (from ethanol), m. p. 258—259°, undepressed 
when mixed with the lower-melting form of the diketopiperazine described above (Found 
C, 63-4; H, 9-9; N, 12-6%). 

(b) A solution of 2-bromo-3-methylpentanoyl-p.L-leucine (m. p. 142—144°) in dry ethanol 
was saturated with dry hydrogen chloride and heated under reflux for 3 hours. The mixture 
was evaporated under reduced pressure. The residue crystallised from light petroleum (b. p. 
60—80°) to give the ethyl ester which after four recrystallisations had m. p. 85-5—86-5° (Found : 
C, 49-9; H, 8-0; N, 4:5. C,,H,,0O,NBr requires C, 50-0; H, 7-8; N, 4:2%). The crude ester, 
treated with ethanolic ammonia as described under (a), gave the two forms of pt-leucyl-DL- 
isoleucine anhydride which were separated by fractionation from ethanol, the more soluble 
form separating as needles, m. p. and mixed m. p. 259—260°, and the less soluble form separating 
as needles, m. p. and mixed m. p. 275—276°. 

Similar treatment of the modification of m. p. 96—98° of 2-bromo-3-methylpentanoyl-pL- 
leucine gave a crude diketopiperazine which when fractionated from ethanol gave the higher- 
melting modification of pi-leucyl-pL-isoleucine as needles, m. p. and mixed m. p. 275—277° 
(Found: N, 12-3%), and the more soluble modification as needles, m. p. and mixed m. p. 
259—260° (Found: N, 12-1%). 

5-isoButyl-2-sec.-butyl-3-hydroxypyrazine (see also p. 4874).—p1L-Leucyl-pL-isoleucine an- 
hydride (m. p. 275—276° or m. p. 259—260°; 8-9 g.) was treated with phosphoryl chloride 
(90 c.c.) and the mixture refluxed for 2 hours. The excess of chloride was removed under reduced 
pressure and the residue triturated with ice-water. The mixture was neutralised with 3n- 
potassium hydroxide (litmus) and extracted with ether. The ethereal solution was extracted 
with 3N-potassium hydroxide (extract A) and then with 6N-hydrochloric acid (extract B) and 
dried (Na,SO,) (solution C). Extract B was made just alkaline with 3N-potassium hydroxide 
and extracted with ether and the extract dried (Na,SO,). Removal of the ether and distillation 
of the residue gave a colourless oil, b. p. 80°/1 mm., mj) 1:-4845 (Found: C, 74-7; H, 10-2; 
N, 14:6, 14-7%). Extract A was neutralised with hydrochloric acid (d 1-16) (litmus) and 
extracted with ether. The ethereal solution was extracted with hydrochloric acid (2N) (ethereal 
solution D), the aqueous phase neutralised (litmus) with 3N-potassium hydroxide, and the solid 
(1-04 g.; m. p. 76—80°) collected. Sublimation at 95°/2 x 10-* mm. followed by crystallisation 
from aqueous ethanol gave 5-isobutyl-2-sec.-butyl-3-hydroxypyrazine as needles, m. p. 97—98° 

Found: C, 69-4; H, 9:3; N, 13-3. C,,H,9ON, requires C, 69-2; H, 9-7; N, 13-45%). Light 

absorption in ethanol : Max. at 229 (ce = 7000) and 325 my (c = 7600). A mixture of 5-isobutyl- 
2-sec.-butyl-3-hydroxypyrazine with racemic deoxyaspergillic acid, m. p. 103—104° had m. p. 
90—92°. The hydroxypyrazine is readily soluble in organic solvents; it is insoluble in cold and 
only slightly soluble in hot water but it is readily soluble in 3N-potassium hydroxide or 2N-» 
hydrochloric acid. The 6-phenylazo-derivative, prepared as described for that of racemic 
deoxyaspergillic acid by Dunn, Gallagher, ef al. (loc. cit.), separated from aqueous ethanol as 
orange-red needles, m. p. 203—205° (decomp.) (Found: C, 69-2; H, 7-7; N, 18:3. C,sH ON, 
requires C, 69-2; H, 7-75; N, 17-99%). A mixture with phenylazodeoxyaspergillic acid, m. p. 
188—189°, had m. p. 189—191 

5-Bromo-6-isobutyl-3-sec.-butyl-2-hydroxypyrazine.—5 -isoButy] -2-sec.- butyl-3-hydroxypyr- 
azine (0-5 g.) in acetic acid (10 c.c.) and water (6 c.c.) was treated with bromine (0-4 g.) in 
acetic acid (1 c.c.). The crystalline precipitate was recrystallised from aqueous ethanol from 
which the bromo-derivative separated as needles, m. p. 150—151° (Found: C, 50-1; H, 6-9; 
N, 9-3. C,,H,gON,Br requires C, 50-2; H, 6-7; N, 98%). Light absorption in ethanol : 
Max. at 233 (c = 9700) and 331 mu (c = 7100). 
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3(or 6)-isoButyl-6(or 3)-sec.-butvl-2-chlovo-5-ethoxypyrazine.—Evaporation of the ethereal 
solution C, followed by distillation of the oily residue, gave a colourless oil (5-0 g.), b. p. 102 
104°/2 mm., n}} 1-5120 (Found: C, 58-8; H, 7-5; N, 12-6; Cl, 25-9%). Redistillation gave a 
fraction, b. p. 105°/1 mm., n}f 1-5155 (Found : C, 57-4; H, 7-5. Cale. for C,,H,,N,Cl, : C, 55-2; 
H, 6-9. Calc. for C,,H,,N,Cl: C, 63-6; H, 8-3%), and a fraction, b. p. 85°/0-5 mm., n}f 1-4995 
(Found: C, 65-9; H, 8-8. Calc. for C,,H,,N,Cl: C, 63-6; H, 8-3. Calc. for C,,H,,N,: C 
74-95; H,10-5%). The oil, b. p. 102—104°/2 mm. (3-95 g.), was heated at 110° for 4 hours with 
ethanolic sodium ethoxide (48%; 25.c.c.). The ethanol was removed under reduced pressure, 
the residue diluted with water, and the mixture neutralised (litmus) with hydrochloric acid 
(d 1-16) and extracted with ether. The ethereal extract was evaporated and the residue heated 
under reflux with hydrochloric acid (100 c.c.; 5N) for 18 hours. The mixture was extracted 
with ether, and the ethereal extract dried (Na,SO,) and evaporated. The residue was distilled 
to give 3(or 6)-isobutyl-6(or 3)-sec.-butyl-2-chloro-5-ethoxypyrazine (2-15 g.) as a colourless oil, 
b. p. 115°/1 mm., n}} 1-4995 (Found: C, 62-1; H, 8-6; N, 10-8. C,,H,,ON,Cl requires C, 62-1; 
H, 8-6; N, 103%). 

3(or 6)-isoButyl-6(or 3)-sec.-butyl-2-chloro-5-hydroxypyrazine.—(a) A solution of the chloro- 
ethoxypyrazine in aqueous ethanol (65%) was saturated with hydrogen chloride and heated 
under reflux for 5 hours, then evaporated under reduced pressure, the residue was diluted with 
water (20 c.c.) and the product isolated by means of ether. Recrystallisation from aqueous 
ethanol gave 3(or 6)-isobutyl-6(or 3)-sec.-butyl-2-chloro-5-hydroxypyrazine as needles, m. p. 139—~ 
140° (30%) (Found: C, 58-8; H, 8-0; N, 11-3. C,,.H,,ON,Cl requires C, 59-4; H, 7-9; N, 
11-5%). Light absorption in ethanol: Max. at 232 (c = 8000) and 324 mu (ce = 6000). The 
compound is soluble in the common organic solvents and in 3N-potassium hydroxide but 
insoluble in water or 2N-hydrochloric acid. 

(b) The ethereal solution D (above) was extracted with 3N-potassium hydroxide. The alkaline 
extract was neutralised (litmus) with hydrochloric acid (d 1-16) and kept at 0° for l hour. The 
solid (50 mg.) was collected, sublimed at 95°/2 x 10° mm., and crystallised from aqueous 
ethanol, to give the chloro-hydroxypyrazine as needles, m. p. 138—139°, undepressed when 
mixed with the specimen prepared by method (a) (Found: N, 11-9%). 

4-Methyl-2-oximinopentanal Diethyl A cetal.—2-Keto-4-methylpentanal diethy] acetal (14-6 g. ; 
Dakin and Dudley, Joc. cit.) was stirred for 8 hours at room temperature with hydroxyl- 
amine hydrochloride (5-5 g.) and sodium carbonate (5-75 g.) in water (70 c.c.) and methanol 
(110 c.c.). Next morning, the mixture was worked up as described for the 3-methyl isomer 
(Newbold, Sharp, and Spring, loc. cit.), to give 4-methyl-2-oximinopentanal diethyl acetal (14-0 g.) 
as a colourless oil, b. p. 102—106°/2 mm., nj 1-4430 (Found: C, 59-1; H, 9°85. C,gH,,0,N 
requires C, 59-1; H, 10-4%). 

4-Methyl-2-oximinopentanal.—The diethyl acetal (5-7 g.) was hydrolysed in methanol (35 c.c.) 
and buffer solution (35 c.c.; pH 3-5) following the procedure described for the 3-methyl isomer 
(loc. cit.), to give the aldehyde (2-3 g.) as a pale yellow viscous oil, b. p. 54—60°/0-5 mm 
1-4713 (Found: C, 56-1; H, 8-2. C,H,,O,N requires C, 55-8; H, 8-6%). 

piL-isoLeucine Nitrile Hydrochloride.—By using the method described in the preparation of 
pL-leucine nitrile hydrochloride (loc. cit.) and crystallisation from acetone, 2-methylbutanal 
gave DL-isoleucine nitrile hydrochloride as plates, m. p. 190—195° (decomp.) (Found: C, 49-1; 
H, 8-8; N, 18-4; Cl, 24-0. C,H,,N,Cl requires C, 48-5; H, 8-8; N, 18-8; Cl, 239%). The 
flavianate separated from ethanol or propanol-light petroleum (b. p. 60—80°) as yellow needles, 
m. p. 200—210° (decomp.) on rapid heating; it chars without melting on slow heating (Found : 
C, 45-3; H, 4-2. C,H,.N,,C,9H,O,N,5 requires C, 45-1; H, 4-2%). 

2-A mino-6-isobutyl-3-sec.-butylpyrazine 1-Oxide.—isoLeucine nitrile hydrochloride (2-50 g.) 
and 4-methyl-2-oximinopentanal (2-17 g.) were heated together for 4‘hours in dry chloroform 
(14 c.c.) with 4-methylmorpholine (1-86 c.c.) as described for 2-amino-3-isohutyl-6-sec.-butyl- 
pyrazine 1-oxide (loc. cit.). The crude mixture, after removal of the chloroform, was shaken 
with ether and water. The ethereal solution was extracted with hydrochloric acid (3N), the 
aqueous acid solution made alkaline with sodium hydroxide, and the viscous oil (0-85 g.) which 
separated isolated by means of ether. The oil solidified. Crystallisation from light petroleum 
(b. p. 60—80°) gave 2-amino-6-isobutyl-3-sec.-butylpyrazine l-oxide as prisms, m. p. 84—86°, 
sintering at 80—84° (Found: C, 64:5; H, 9-7. C,,H,,ON, requires C, 64-5; H, 95%). It 
gives an intense blue colour in ethanol with ferric chloride, the colour being discharged with 
dilute hydrochloric acid. 

5-isoButyl-2-sec.-butyl-3-hydroxypyrazine.—The foregoing oxide (1-87 g.) was reduced with 
sodium dithionite (42 g.) in aqueous ethanol as described for 2-amino-3-isobutyl-6-sec.-butyl- 
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pyrazine (loc. cit.), but with heating for 60 hours. Crude 3-amino-5-isobutyl-2-sec.-butyl- 
pyrazine was obtained as an amber oil (0-60 g.) which gave only a slight blue colour in ethanol 
with ferric chloride. The oil (0-48 g.) was converted into 5-isobutyl-2-sec.-butyl-3-hydroxy- 
pyrazine by reaction with nitrous acid as described for 2-isobutyl-5-sec.-butyl-3-hydroxy- 
pyrazine (loc. cit.). The solid (80 mg.; m. p. 93—94°) precipitated from the sodium hydroxide 
solution by means of hydrochloric acid, was sublimed at 110—120°/10-* mm. and crystallised 
thrice from aqueous ethanol, to give 5-isobutyl-2-sec.-butyl-3-hydroxypyrazine as needles 
m. p. 96—97° (Found : C, 68-7; H, 9-5) alone or mixed with the sample obtained as on p. 4872. 
A mixture with racemic deoxyaspergillic acid (m. p. 103—104°) had m. p. 85—91°. 

Grateful acknowledgment is made to the Department of Scientific and Industrial Research 
for the award of a maintenance grant (to J. J. G.). 
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950. Steroids. Part V.* Oxidation of Ergosteryl-D Acetate 
22 : 23-Dibromide. 


By RICHARD BUDZIAREK, ROBERT STEVENSON, and F. S. SPRING. 


The paper describes modified routes from ergosteryl-D acetate 22: 23- 
dibromide to 1l-oxygenated steroids. 38-Acetoxy-22 : 23-dibromo-9z : lla«- 
epoxyergostan-7-one (III; R = C,H,,Br,) is converted by alkali into 22 : 23- 
dibromo-38 : 1l«-dihydroxyergost-8-en-7-one (VII; R’ = R” = H, R 
C,H,,Br,) and is isomerised by filtration of its benzene solution through 
alumina into 3$-acetoxy-22 : 23-dibromo-1l«-hydroxyergost-8-en-7-one 
(Vil; R’ Ac, R” H, R = C,H,,Br,). The last compound is smoothly 
oxidised by chromic acid to 22: 23-dibromo-7 : 11-diketoergost-8-en-36-yl 
acetate (VIII). 

Treatment of 38: lla-diacetoxy-22 : 23-dibromoergost-8-en-7-one (VII; 
R’ = R” = Ac, R = C,H,,;Br,) with mineral acid gives, after acetylation, a 
compound provisionally designated as 3$-acetoxy-22 : 23-dibromoergosta- 
8 : 1l-dien-7-one (IX). Catalytic reduction of the diacetate (VII; R’ = R” = 
Ac, R = C,H,,Br,) in the presence of alkali is accompanied by debromination 
to 38: 1l«-dihydroxyergost-22-en-7-one (X; R= H). 


BUDZIAREK, NEWBOLD, STEVENSON, and SPRING (J., 1952, 2892) reported that ergosteryl-D 
acetate (I; R = C,H,,) with one mol. of performic acid gives 38-acetoxyergosta-9(11) : 22- 
dien-7-one, m. p. 194—197°, [«]p +20° (II), and that two mols. of performic acid lead to 
38-acetoxy-9« : 1la-epoxyergost-22-en-7-one (III; R = C,H,,). The structure (I1) was 
assigned because the compound does not show selective ultra-violet absorption of high 
intensity and is readily isomerised by alkali or acid to 38-acetoxyergosta-8 : 22-dien-7-one 
(IV). The value of this evidence is doubtful since the isomeric 7 : 8-oxides of ergosta-7 : 
(11) : 22-trien-38-yl acetates are not known, and it is possible that one or both of these may 
readily rearrange to (IV). In our view it was unlikely that the oxidation product was a 
7 : 8-epoxide since it has been converted into (III ; R = C,H,,) by partial bromination, 
followed by oxidation with perbenzoic acid and debromination (Budziarek et al., loc. cit.). 
Although this relation was used as part of the proof of the structure of (III; R = C,H,,), the 
latter is now well established by independent considerations (see below). The structure (II) 
has now been confirmed by the infra-red absorption spectrum which shows two well-resolved 
bands: one at 1740 cm." ascribed to the 3$-acetate group, and the other at 1715 cm.~} 
ascribed to the 7-carbonyl group. Recently, Heusser, Anliker, Eichenberger, and Jeger 
(Helv. Chim. Acta, 1952, 35, 936) described a compound, m. p. 176—177°, [«]p —58°, 
obtained by treatment of 7& : 1la-dihydroxyergosta-8 : 22-dien-3-yl acetate (V; R = C,H,,) 
with hydrogen peroxide in acetic acid, as 3$-acetoxyergosta-9(11) : 22-dien-7-one (II). 
rhis is probably the same as a compound (m. p. 176—177°, [«]p —43-5°) obtained by 
Schoenewaldt, Turnbull, Chamberlin, Reinhold, Erickson, Ruyle, Chemerda, and Tishler 
J. Amer. Chem. Soc., 1952, 74, 2696) by controlled acid-isomerisation of 9 : 1]a-epoxy- 
* Part IV, J., 1952, 3646. 
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ergosta-7 : 22-dien-3$-yl acetate (VI). The proof of structure employed by Heusser et a/. 
(loc. cit.) for their ketone is the same as that employed by us for the compound, m. p. 
194—-197°. We conclude that the two fy-unsaturated ketones probably differ in orient- 
ation around C,g). 

36-Acetoxy-9« : 1la-epoxyergost-22-en-7-one (III; R= C,H,,) has been prepared 
directly from ergosteryl-D acetate by oxidation with performic acid (Budziarek ef a/., 
loc. cit.) and also by oxidation of ergosteryl-D acetate 22 : 23-dibromide followed by de 
bromination of the intermediate 3-acetoxy-22 : 23-dibromo-92 : 1l«-epoxyergostan-7- 
one (III; R = C,H,,Br,) (Anderson, Stevenson, and Spring, J., 1952, 1901). A further 
investigation of the second route is now reported. 

38-Acetoxy-22 : 23-dibromo-9« : 1la-epoxyergostan-7-one (III; R = C,H,,Br,), as 
obtained by oxidation of the dibromide (1; R = C,H,,Br,) with peracetic acid, exists in 
dimorphous, interconvertible forms. It has been further characterised as semicarbazone 
and 2 : 4-dinitrophenylhydrazone. Oxidation of (I ; R = C,H,,Br,) with performic acid 
in ethyl acetate also gives 3(-acetoxy-22 : 23-dibromo-9« : 1l«-epoxyergostan-7-one. 
Treatment of (III; R = C,H,,Br,) with alkali gives 22 : 23-dibromo-38 : 1l«-dihydroxy- 
ergost-8-en-7-one (VII; R’ = R” H, R C,H,,;Br,) characterised as the 38: lla 
diacetate and by debromination to (VII; R’ = R” =H, R = C,H,,) (Budziarek et al., 
and Heusser et al., locc. cit.). Similar debromination of (VII; R’ = R”’ = Ac, R 
C,H,,Br,) gave the known 38 : 11a-diacetoxyergosta-8 : 22-dien-7-one (VII; R’ = R” = Ac, 

= CyH,,). 

Filtration of a benzene solution of the 9« : 1la-epoxide (III; R = C,H,,Br,) through a 
column of alumina gives 3$-acetoxy-22 : 23-dibromo-11la-hydroxyergost-8-en-7-one (VII; 
R’ = Ac, R” = H, R = C,H,,Br,) characterised by ultra-violet absorption spectra and as the 
38 : lla-diacetate. 8%-Acetoxy-22 : 23-dibromo-11«-hydroxvergost-8-en-7-one and chromic 
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acid give 22 : 23-dibromo-7 : 11-diketoergost-8-en-36-yl acetate (VIII), oxidation proceed- 
ing smoothly and in good yield in contrast to that of 22 : 23-dibromo-7é : 1la-dihydroxy- 
ergost-8-en-38-yl (_V; R = C,H,,Br,) acetate which gives a mixture including 22 : 23 
dibromo-8« : 9a-epoxy-7 : 11-diketoergostan-3$-yl acetate and 22: 23-dibromo-7: 11- 
diketoergost-8-en-38-yl acetate (VIII) (Budziarek, Johnson, and Spring, J., 1952, 3410). 





4876 Budziarek, Stevenson, and Spring: Steroids. Part V. 


In an attempt to convert 3: 1la-diacetoxy-22 : 23-dibromoergost-8-en-7-one into 
22 : 23-dibromo-7 : 11-diketoergostan-38-ol (cf. the similar conversion of 6%-hydroxy- 
cholest-4-en-3-one into cholestane-3 : 6-dione; Ellis and Petrow, J., 1939, 1078) the former 
compound was treated with methanolic hydrogen chloride. The product obtained after 
acetylation, however, had the molecular formula C,9H,,0,Br, indicating that dehydration 
had occurred, and showed maxima at 2240 and 2960 A; it is provisionally formulated as 
38-acetoxy-22 : 23-dibromoergosta-8 : 1l-dien-7-one (IX). Similar dehydration of an 
| 1a-hydroxy-7-keto-A®-unsaturated steroid has been observed in the sapogenin series by 
Stork, Rosenkranz, and Djerassi (J. Amer. Chem. Soc., 1952, 74, 2918). 

Hydrogenation of 38: 1l«-diacetoxy-22 : 23-dibromoergost-8-en-7-one in ethanolic 
potassium hydroxide over platinum (for conditions see the Experimental section) led to 
reduction of the 8 : 9-ethylenic linkage accompanied by hydrolysis and side-chain debromin- 
ation, with formation of 38 : 1la-dihydroxyergost-22-en-7-one (X; R =H) previously 
described by Heusser et al. (loc. cit.) and characterised as its diacetate (X; R = Ac). 


EXPERIMENTAL 

Specific rotations were determined in chloroform solution in a l-dm. tube at approx. 15°. 
Ultra-violet absorption spectra were measured in ethanol solution (unless otherwise stated) with 

a Unicam SP. 500 spectrophotometer. Grade II alumina was used for chromatography. 

38-Acetoxy-22 : 23-dibromo-9« : 1la-epoxyergostan-7-one.—(a) Oxidation of 22 : 23-dibromo- 
ergosta-7 : 9(11)-dien-38-yl acetate with peracetic acid (Anderson et al., loc. cit.) gave 38 
acetoxy-22 : 23-dibromo-9« : 1lz-epoxyergostan-7-one as plates (from chloroform—methanol), 
m. p. 235°. [«},, —47°, not altered by recrystallisation from the same solvent. Recrystallisation 
from acetone gave a second modification as well-defined needles, m. p. 215—220°, raised to 
220—221°, [x],, —48° (c, 0-9), by recrystallisation from the same solvent. 

The dibromo-keto-oxide (plates, m. p. 235°) in dioxan with Brady’s reagent gave the 
2 : 4-dinitrophenvihydrazone as yellow felted needles (from chloroform-—ethanol), m. p. 217 
219° (decomp.) (Found : C, 53-0, 53-5; H, 5-95, 6-6. C3,H;90,N,Br; requires C, 53-3; H, 6-2%). 
The ultra-violet absorption spectrum (principal maximum, in chloroform, at 3660 A, e = 23,600) 
is in good agreement with that expected for the 2: 4-dinitrophenylhydrazone of a saturated 
ketone (Braude and Jones, J., 1945, 498; Djerassi and Ryan, J. Amer. Chem. Soc., 1949, 71, 
1000). The ketone (plates, m. p. 235°) in water-ethanol—dioxan gave the semicarbazone as 
prisms, m. p. 236—237° (from methanol—chloroform) (Found : C, 54-2; H, 7-3. Cj 9H, O,N,Br, 
requires C, 54-1; H, 7-2%). Light absorption: Max. at 2280 Ave 14,600. 

(b) A solution of ergosteryl-D acetate 22: 23-dibromide (2-32 g.) in warm ethyl acetate 

100 c.c.) was treated with formic acid (98—100%; 40 c.c.) and hydrogen peroxide solution 
30%; 1:73 c.c.). The suspension was shaken at room temperature for 44 hours, whereafter 
dissolution was complete. Water was added, the ethyl acetate layer separated, and the aqueous 
layer extracted with ethyl acetate. The combined ethyl acetate extracts were washed with 
sodium hydrogen carbonate solution and dried (Na,SO,). Removal of the solvent and crystallis- 
ation of the residue first from ethanol and then from acetone gave 38-acetoxy-22 : 23-dibromo- 
9x : 1la-epoxyergostan-7-one (650 mg.) as needles, m. p. 220—221° (unchanged by drying in a 
high vacuum at 100°), [«],, —48° (c, 1:0) (Found: C, 57-2; H, 7-5. Calc. for C,.H,,O,Br, : 
C, 57-1; H, 7:35%). It does not give a colour with tetranitromethane in chloroform, or exhibit 
high-intensity light absorption above 2100 A. The 2 : 4-dinitrophenylhydrazone separated from 
chloroform—methanol as needles, m. p. 219—221° undepressed when mixed with the specimen 
described above. Debromination of an ethanol solution of the substance with zinc dust gave 
36-acetoxy-9« : 1la-epoxyergost-22-en-7-one as needles (from methanol) (initial gel formation), 
m. p. 221°, [x],, --82° (c, 1-5). Recrystallisation of the lower-melting form of the dibromo-keto- 
oxide from chloroform—methanol gave the higher-melting modification, m. p. 234—235° 
(unchanged after drying in a high vacuum at 100°), [«],, —47° (c, 1-6), as plates. 

22 : 23-Dibromo-38 : 11x-dihvdroxyergost-8-en-7-one.—(a) 38-Acetoxy-22 : 23-dibromo-9« : 1l«- 
epoxyergostan-7-one (either form, 400 mg.) was heated in methanolic potassium hydroxide 
solution (3%; 40 c.c.) under reflux for 70 minutes. The product, isolated by ether, gave 
22 : 23-dibromo-38 : Lla-dihydroxyergost-8-en-7-one as plates (from methanol), m. p. 231 
232°, [a!},, +4°, +4° (c, 0-9, 2-0) (Found: C, 57-0; H, 7-65. C,,H,,O,Br, requires C, 57-1; 
H, 7-5%). Light absorption: Max. at 2520 Ave 8300. 

(b) A solution of 38 : 1la-diacetoxy-22 : 23-dibromoergost-8-en-7-one (600 mg.) in benzene 
(10 c.c.) and methanolic potassium hydroxide (3%; 40 c.c.) was refluxed for 3 hours. 22: 23- 
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Dibromo-38 : 11«-dihydroxyergost-8-en-7-one, isolated by ether, crystallised from methanol as 
plates, m. p. 232°, [a], +4° (c, 1-3), undepressed in m. p. when mixed with the specimen described 
above. Light absorption: Max. at 2510 A, « = 8000. 

38 : 1la-Diacetoxy-22 : 23-dibromoergost-8-en-7-one.—Acetylation of the diol (pyridine- 
acetic anhydride at 100°) gave the 38 : lla-diacetate, needles, m. p. 161—163° (air-dried), from 
chloroform—methanol, m. p. 201—202° after prolonged drying at 100° in a high vacuum, [aly 

18° (c, 0-6) (Found: C, 57-2; H, 7-4. C3,H,,O;Br, requires C, 57-1; H, 7:2%). Light 
absorption : Max. at 2520 A, « = 10,000. 

33 : 1la-Diacetoxyergosta-8 : 22-dien-7-one.—A solution of 38 : 1la-diacetoxy-22 : 23-dibromo- 
ergost-8-en-7-one (124 mg.) in ether—-ethanol (1:1; 30 c.c.) was heated under reflux with zinc 
cust for 3 hours. The product, isolated by ether, was crystallised from aqueous methanol to 
give 33 : 1la-diacetoxyergosta-8 : 22-dien-7-one as needles, m. p. 172—174°, [x], +11° (Found : 
C, 75-4; H, 9-6. Calc. for C;,H,,0,: C, 75-0; H, 9-4%). The m. p. was undepressed when 
the product was mixed with the specimen described by Budziarek et al. (loc. cit.) who give m. p. 
175—177°, [a]y) +13°. 

38 : lla-Dihydroxyergosta-8 : 22-dien-7-one.—22 : 23-Dibromo-38 : 11«-dihydroxyergost-8-en- 
7-one (160 mg.) in boiling methanol (50 c.c.) was treated under reflux with zinc dust (1 g.) portion- 
wise (3 hours). 38: 1l«-Dihydroxyergosta-8 : 22-dien-7-one, isolated by ether, crystallised 
from acetone as prismatic needles, m. p. 214—215°, [a},, —7° (c, 1-0) (Found: C, 78-5; H, 10-5. 
Calc. for C,,H,,O,: C, 78:45; H, 10-35%). Light absorption: Max. at 2540 A, ¢ = 8600. 
It is undepressed in m. p. when mixed with the specimen (m. p. 215°, [x],, —6°) obtained by alkaline 
hydrolysis of 38-acetoxy-9« : 1la-epoxyergost-22-en-7-one (Budziarek, Newbold et al., loc. cit.) 
The constants (m. p. 183—185°, [«],, —17°) given by Anderson, Budziarek, Newbold, Stevenson, 
and Spring in a preliminary note (Chem. and Ind., 1951, 1035) are incorrect. Heusser et al. 
(loc. cit.) give m. p. 207—208° [«],, —2°. 

38-A cetoxy-22 : 23-dibromo-1la-hydroxyergost-8-en-7-one.—A solution of 33-acetoxy-22 : 23- 
dibromo-9« : 11x-epoxyergostan-7-one (needles, m. p. 220°) (152 mg.) in dry benzene. (20 c.c.) 
was filtered through alumina (2 x 12 cm.). After elution with benzene (400 c.c.) (no eluate), 
benzene—ether (1:1; 500 c.c.) (eluate: solid, 20 mg.), and ether (400 c.c.) (eluate : trace), 
elution with ether—-methanol (1:1; 150 c.c.) gave a solid (110 mg.) which, thrice crystallised 
from methanol, yielded 3-acetoxy-22 : 23-dibromo-11la-hydroxyergost-8-en-7-one as needles, 
m. p. 206—207°, [x], —13° (c, 1-5) (Found: C, 56-9; H, 7-6. Cz 9H,,O,Br, requires C, 57-1; 
H, 7:35%). Light absorption: Max. at 2520 A, e = 8000. Acetylation of this compound 
(pyridine—acetic anhydride) gave the 3 : 1la-diacetate as prismatic needles (from chloroform 
methanol), m. p. 162—163° (air-dried) and m. p. 202—203° after prolonged vacuum-drying at 
100°. It is undepressed in m. p. when mixed with the specimen described above. 

22 : 23-Dibromo-7 : 11-diketoergost-8-en-38-yl Acetate.—38-Acetoxy -22 : 23-dibromo-1la- 
hydroxyergost-8-en-7-one (177 mg.) in acetic acid (25 c.c.) was treated with chromic anhydride 
(21 mg.) in acetic acid (0-63 c.c.) and then with sulphuric acid (2N; 2 drops). The mixture 
was shaken for 5 minutes, kept at room temperature overnight, and then filtered from a fine 
flocculent precipitate (20 mg,; m. p. 245°). The solution was diluted with water and the neutral 
product (140 mg.) isolated by means of ether and crystallised from chloroform-methanol, 
vielding 22 : 23-dibromo-7 : 11-diketoergost-8-en-38-yl acetate, plates, m. p. 248—250°, [«], 

+29°. Light absorption : Max. at 2700 A,e= 8100. Them. p. was undepressed when mixed 
with the specimen, m. p. 250—251°, [x], +27°, described by Budziarek, Johnson, and Spring 
(loc. cit.). 

38-A cetoxy-22 : 23-dibromoergosta-8 : 11-dien-7-one.—A solution of 38 : 1la-diacetoxy-22 : 23- 
dibromoergost-8-en-7-one (300 mg.) in methanolic hydrogen chloride (5%; 60 c.c.) was refluxed 
for 4 hours. The product was isolated by means of ether and acetylated with pyridine—acetic 
anhydride at 100°. Crystallisation then gave plates (200 mg.), m. p. 260—262°, which were 
purified by chromatography in benzene (20 c.c.) on alumina (2 x 10 cm.). The solid eluted 
with benzene (300 c.c.) was crystallised from methanol-chloroform to give 3$-acetoxy-22 : 23- 
dibromoergosta-8 : 11-dien-7-one as plates, m. p. 263—264°, [a], —13° (c, 1-0) (Found: C, 59-0; 
H, 7-5. C3 9H,y,O,Br, requires C, 58-7; H,7-2%). Light absorption : Max. at 2240 (e = 18,000) 
and 2960 A (c = 6000). 

368 : lla-Dihydroxyergost-22-en-7-one.—38 : 1la-Diacetoxy-22 : 23-dibromoergost -8-en-7-one 
(250 mg.) in ethanolic potassium hydroxide (0-In; 100 c.c.) was shaken with hydrogen and 
platinum (from 50 mg. of PtO,) at room temperature for 2 hours. The filtered solution was 
concentrated and then diluted with water, and the product isolated by means ofether. Crystal- 
lisation from aqueous methanol gave 38 : 1la-dihydroxyergost-22-en-7-one as needles, m. p. 
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206—207°, [a], —76° (c, 0-8) (Found: C, 75:3; H, 11-0. Calc. for C,,H,,O;,MeOH : C, 75-3; 
H, 10-9%). It gives a faint yellow colour with tetranitromethane in chloroform and does not 
exhibit high-intensity absorption above 2200 A. Heusser et al. (loc. cit.) give m. p. 204—205° 
and [a], —74° for this compound. 38: 1l«-Diacetoxyergost-22-en-7-one, obtained from the 
diol by using acetic anhydride and pyridine at 100°, separates from methanol as plates, m. p. 
141—142°, [a«],, —67°, —68° (c, 0-7, 0-6) (Found: C, 74-8; H, 10-0. C3,H;,O,; requires C, 74-7, 
H, 98%). Heusser et al. (loc. cit., p. 949, footnote) give m. p. 123—124°, [a], —60°. 
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951. Phthalaldehydes and Related Compounds. Part I. The 
Preparation of 3-Formylopianic Acid. 


By J. J. Brown and G. T. NEWBOLD. 


Chloromethylation of meconin (II; R OMe, R’ = H) gives 4-chloro- 
methylmeconin (II; R OMe, R’ CH,Cl) which on treatment with N- 
bromosuccinimide followed by hydrolysis produces 3-formylopianic acid 
ma; OMe, R’ CHO). Some reactions of the latter compound are 
discussed and compared with those of the mould product, gladiolic acid (III; 
R = Me, R’ = CHO). 


RECENTLY Raistrick and Ross (Biochem. J., 1952, 50, 635) and Grove (1bid., p. 648) elucid- 
ated the structure of gladiolic acid (III; R = Me, R’ = CHO),* a metabolic product of 
Penicillium gladioli. The vicinal carboxy-o-phthalaldehyde system is found also in 
cyclopaldic acid (I) obtained from culture fluids of Penicillium cyclopium Westling (Birkin- 
shaw, Raistrick, Ross, and Stickings, ibid., p. 610). In view of our interest in the closely 
related fields of phthalaldehydic acids and phthalides (see Dijksman and Newbold, /., 
1951, 1213; 1952, 13; Brown and Newbold, /., 1952, 4397) our attention was turned to 
the possibility of elaborating the vicinal carboxy-o-phthalaldehyde system from the readily 
available opianic acid (III; R= OMe, R’=H). This involved the preparation of 
3-formylopianic acid (III; R = OMe, R’ = CHO). 

4-Chloromethylmeconin (II; R = OMe, R’ =:CH,Cl) was used as the starting material. 
Manske and Ledingham (Canad. J]. Res., 1944, 22, B, 115) obtained it by the action of 
formaldehyde and hydrochloric acid on o-veratric acid (2 : 3-dimethoxybenzoic acid) and 
proved its structure by reduction to 4-methylmeconin (Il; R = OMe, R’ = Me) which 
was synthesised by an unambiguous route. o0-Veratric acid being somewhat inaccessible, 
the chloromethylation of meconin (II; R = OMe, R’ = H), obtained in good yield by 
reduction of opianic acid by sodium amalgam, was examined and found to proceed in 
50° yield and to give the 4-chloromethylmeconin prepared by Manske and Ledingham 
(loc. cit.). Treatment of this meconin with three mols. of N-bromosuccinimide in carbon 

OMe OMe CO OMe OMe OMe 


4. 1 


Me? )CO,H R4?» \ RZ )»CO.H RZ )CO,H MeO?’ )CO,H 
HOW |CHO ee 7o \ CHO L ICH, \ ich, 
CHO kK Ch, R’ Oc—O H,C—O 
(1) (II) (IIT) (IV) (V) 
tetrachloride (cf. Brown and Newbold, Joc. cit.) followed by hot water gave 3-formyl- 
opianic acid (III; R = OMe, R’ = CHO), which titrated as a monobasic acid, pK, 5-1, 
and gave only a mono-2 : 4-dinitrophenylhydrazone. 3-Formylopianic acid gives a number 
of characteristic colour tests (see Experimental) also given by gladiolic acid (Raistrick and 

Ross, loc. cit.; Grove, loc. cit.). 

Another possible route to 3-formylopianic acid appeared to be the direct oxidation 
of 4-hydroxymethylmeconin (II; R = OMe, R’ = CH,*OH) readily obtained by hydro- 
lysis of 4-chloromethylmeconin (II; R = OMe, R’ = CH,CIl). Oppenauer oxidation of 
the former compound with benzophenone as hydrogen acceptor gave an isomeric 
acidic product, C,,H,,0,, later shown to be obtained by refluxing 4-hydroxymethylmeconin 

* For brevity the other tautomeric form of compounds having the vicinal carboxy-o-phthalaldehyde 
system has been omitted 
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in benzene with aluminium fert.-butoxide alone. We formulate it as 5 : 6-dimethoxy- 
phthalan-4-carboxylic acid (1 : 3-dihydro-5 : 6-dimethoxybenzo{c ]furan-4-carboxylic acid) 
(V) since it is stable to alkali but isomerised by acid to 4-hydroxymethylmeconin, properties 
which would be expected of an ether. (V) formed a methyl ester and was reduced to 
4-methylmeconin (II; R = OMe, R’ = Me) by the Clemmensen procedure. Reaction of 
(V) with two molecular proportions of N-bromosuccinimide followed by hydrolysis gave 
3-formylopianic acid (III; R = OMe, R’ = CHO). 

Heating 3-formylopianic acid with sodium hydroxide solution converted it into an 
isomeric monobasic acid, which we regard as meconin-4-carboxylic acid (II; R = OMe, 
R’ = CO,H) since it is also formed by the oxidation of 4-hydroxymethylmeconin (II; 
R = OMe, R’ = CH,°OH) with neutral permanganate. Gladiolic acid (II1; R = Me, 
R’ = CHO) on similar treatment gives tsogladiolic acid (Raistrick and Ross, loc. cit. ; 
Grove, loc. cit.) which is formulated by Grove as (II; R = Me, R’ = CO,H) though he 
does not entirely discount the structure (IV; R = Me) in which lactonization has proceeded 
in the alternative direction. We believe that the formation of (IV; R = OMe) in our 
oxidation of 4-hydroxymethylmeconin is excluded because the alkalinity of the medium 
is insufficient to open the lactone ring in (II; R= OMe, R’ = CO,H); Stevens and 
Robertson’s observation (J., 1927, 2790) that the oxidation of «-6-hydroxymethylpiperony]- 
cinnamolactone under identical conditions gives 5: 6-methylenedioxyphthalide which 
separates directly from the reaction mixture would support this hypothesis; in addition, 
meconin-4-carboxylic acid titrates sharply in the cold as a monobasic acid, indicating that 
the stability of the lactone ring has not been lessened by the proximity of the carboxy] 
group. 

The ultra-violet absorption spectra of gladiolic and tsogladiolic acid are compared with 
those of 3-formylopianic and meconin-4-carboxylic acid in the Table. 


Compound Solvent Max. (mp) and Emax 
3-Formylopianic acid ? ........... Re Seah ith H,O 278 (© = 4300), 324 (ec = 2800) 
0-In-NaOH 284 (e« = 2500) 
Gladiolic acid? ... seb teantia H,O 269 (e = 11,000), 307 (e 4500) 
0-In-NaOH 275 (ce = 3400), 343 (e 6600) 
Meconin-4-carboxylic acid! .... . EtOH 218 (¢ = 27,600), 316 (e 6000) 
isoGladiolic acid? ......... , ; EtOH 298 (¢ = 5350) 


! This paper 2 Grove (loc. cit.). 


The properties and reactions of 3-formylopianic acid discussed above support the 
formulation of gladiolic acid by Raistrick and Ross (loc. cit.) and Grove (loc. cit.) as (III: 
R Me, R’ = CHO). 

EXPERIMENTAL 

Meconin.—No details are given by Matthiessen and Foster (J., 1863, 16, 342) for the prepar- 
ation of this compound by sodium amalgam reduction of opianic acid. The following procedure 
was used: Opianic acid (65 g.) in 2N-sodium hydroxide (150 c.c.) was stirred for 3 hours with 
sodium amalgam (650 g.; 34%) and left overnight. The aqueous phase was acidified (Congo- 
red), and extracted with chloroform (3 x 100 c.c.), and the combined extracts were washed 
with sodium hydrogen carbonate solution (2 x 100 c.c.; 10%), then with water (100 c.c.), 
and dried (Na,SO,).. Removal of the chloroform and crystallisation from ethanol gave meconin 
(47 g.) as needles, m. p. 101—103°. Light absorption in ethanol: Max. at 213 (e = 25,000) 
and 308 mu (e 3800). 

4-Chloromethylmeconin.—Meconin (12-0 g.) was heated under reflux for 45 minutes with 
hydrochloric acid (50 c.c.; d, 1-19) and formaldehyde solution (30 c.c.; 40%). The mixture 
was diluted with water (50 c.c.) and extracted with chloroform (3 x 50 c.c.). The combined 
chloroform extracts were washed with water (50 c.c.), sodium hydrogen carbonate solution 
(50 c.c.; 10%), and water (50 c.c.) and dried (Na,SO,)._ Evaporation and crystallisation from 
ethanol gave 4-chloromethylmeconin (6-0 g.) as needles, m. p. 104—106°, undepressed by a 
specimen, m. p. 104—106°, prepared from o-veratric acid after Manske and Ledingham (loc. cit.) 
who give m. p. 106° (Found: C, 54:8; H, 4:9. Calc. for C,,H,,0,Cl: C, 54-4; H, 46%). 
Light absorption in ethanol: Max. at 215 (ec = 28,000) and 315 my (e = 4850). 

4-Hydroxymethylmeconin.—4-Chloromethylmeconin (1-0 g.) was heated under reflux with a 
solution of anhydrous sodium carbonate (1-0 g.) in water (10 c.c.) for 30 minutes. The solution 
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was acidified (Congo-red) and extracted with chloroform (3 x 15 c.c.), and the combined extracts 
were washed with water and dried (Na,SO,). Removal of the chloroform gave 4-hydroxymethyl- 
meconin which crystallised from benzene as needles (750 mg.}, m. p. 130—132° (Found: C, 
59-2; H, 5-6. C,,H,.O, requires C, 58-9; H, 5-4%). The compound sublimes rapidly at 
125°/10-* mm. and in ethanol has absorption max. at 214 (e = 29,400) and 312 my (c = 4550). 
4-Hydroxymethylmeconin was quantitatively recovered after 2 hours in boiling 3N-sodium 
hydroxide. The acetate prepared by using acetic anhydride—pyridine at room temperature 
overnight separated from water as needles, m. p. 112—113° (Found: C, 59-0; H, 5-45 
C13H,,40, requires C, 58-6; H, 5-3%). 

5 : 6-Dimethoxyphthalan-4-carboxylic Acid.—4-Hydroxymethylmeconin (2-5 g.) in dry benzene 

(50 c.c.) was heated under reflux for 18 hours with aluminium ftert.-butoxide (2-5 g.). The 
filtered mixture was extracted with 0-5N-sodium hydroxide solution (3 x 30 c.c.), the combined 
extracts were acidified (Congo-red), and the precipitate was extracted with chloroform (3 x 20 
c.c.). After being washed with water (25 c.c.) the chloroform extract was evaporated and the 
solid residue crystallised from water, to give 5 : 6-dimethoxyphthalan-4-carboxylic acid (1-5 g.) as 
fine needles, m. p. 148—150° (Found: C, 59-2; H, 5-5; C-Me, 00%; equiv., 230. C,,H,.0; 
requires C, 58-9; H, 5-4; C-Me, 6-7%; equiv., 224). Light absorption in ethanol: Max. at 
213 (c = 21,000) and 306 my (e = 3300). The compound dissolves in cold saturated sodiun: 
hydrogen carbonate solution with effervescence. It was unaffected when heated on the steam- 
bath with 15% aqueous sodium hydroxide for 2 hours but in boiling 5n-hydrochloric acid was 
converted in good yield into 4-hydroxymethylmeconin, m. p. and mixed m. p. 130—131° 
Found: C, 58-8; H, 5-7%). The methyl ester, formed by ethereal diazomethane, separated 
from aqueous ethanol as needles, m. p. 90°, which sublimed readily at 85°/10-? mm. (Found : 
C, 60:7; H, 6-2. C,,H,,0O, requires C, 60-5; H, 5-9%). Light absorption in ethanol: Max. at 
214 (ec = 23,000) and 310 mz (e = 4300). 

4-Methylmeconin.—Granulated zinc (5-0 g.) was shaken for 5 minutes with mercuric chloride 
0-5 g.) in hydrochloric acid (0-25 c.c.; d, 1-19) and water (5 c.c.), and the solution decanted off 
and rejected. Water (4 c.c.), hydrochloric acid (5 c.c.; d, 1-19), and 5: 6-dimethoxyphthalan- 
4-carboxylic acid (180 mg.) were added and the mixture was heated under reflux for 5 hours. 
The solution was decanted from zinc and extracted with chloroform (3 x 20c.c.). The extract 
was dried (Na,SO,) and evaporated under reduced pressure. The residual 4-methylmeconin 
crystallised from aqueous ethanol as needles (150 mg.) (Found: C, 63-7; H, 6-0; C-Me, 
7-1. Cale. for C,,H,,.0O,: C, 63-45; H, 5-8; C-Me, 7-2%), m. p. 125—127° undepressed when 
mixed with a specimen, m. p. 125—127° (lit., m. p. 127°) prepared after Manske and Ledingham 

lac. cit.) Light absorption in ethanol: Max. at 214 (¢ = 18,900) and 310 my (< 3300). 

3-Formylopianic Acid.—(a) A solution of 4-chloromethylmeconin (2-0 g.) in carbon tetra- 
chloride (100 c.c.) was heated under reflux with N-bromosuccinimide (4-4 g.) for 1 hour with 
irradiation from a 60-w. lamp placed close to the flask. Solvent was removed under reduced 
pressure from the filtered mixture and the residual oil heated with water (250 c.c.) on the steam- 
bath for 1 hour with stirring. After being kept overnight at room temperature the solid (1-3 g 
m. p. 163—165°) which separated was collected and crystallised twice from water (charcoal), 
to give 3-formylopianic acid as needles, m. p. 176° (Found: C, 55-2; H, 4:5%; equiv., 236. 
C,,H,,O, requires C, 55-5; H, 4-2%; equiv., 238 Light absorption in ethanol: Max. at 212 
€ 18,300), 273 (e 4200) and 320 my (= = 3800). 

(b) To a solution of 5 : 6-dimethoxyphthalan-4-carboxylic acid (2-0 g.) in benzene (150 c.c.) 
and carbon tetrachloride (150 c.c.) was added N-bromosuccinimide (3-18 g.; 2 mols.) and the 
mixture heated under reflux with irradiation as above for 10 minutes. The mixture was then 
treated as in (a), to give 3-formylopianic acid (1-0 g.) as needles, m. p. 175—176° (from water ; 
charcoal) alone or mixed with preparation (a) (Found: C, 55-6; H, 4:3%). The compound dis- 
solves in cold saturated aqueous sodium hydrogen carbonate with effervescence and gives a 
green-brown colour with aqueous ammonia (d, 0-88). It does not reduce Fehling’s solution or 
Schiff’s reagent but reduces hot ammoniacal silver nitrate; it gives a greenish-yellow solution 
in cold or warm sulphuric acid (d, 1-84), and a solution in technical benzene (but not pure 
benzene) gives a red-colour at the interface with sulphuric acid (d, 1-84). 3-Formylopianic acid 
is soluble in ethanol but sparingly so in ether, chloroform, or benzene. The 2: 4-dinitrophenyl- 
hydrazone separated from 2-methoxyethanol as orange needles, m. p. 254—255° (decomp.) 
(Found: N, 12-9. C,,H,,O,N, requires N, 13-4%). 

Meconin-4-carboxylic Acid.—(a) 3-Formylopianic acid (500 mg.) in 3N-sodium hydroxide 
solution (25 c.c.) was refluxed for 30 minutes. The solution was acidified (Congo-red) and the 
precipitate crystallised from aqueous ethanol, to give meconin-4-carboxylic acid as needles, m. p. 
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219—221° (decomp.) (Found: C, 55:7; H, 44%; equiv., 232. C,,HO, requires C, 55-5; 
H, 4:2%; equiv., 238). The compound dissolved in sodium hydrogen carbonate solution with 
effervescence. 

(b) A solution of 4-hydroxymethylmeconin (500 mg.) in acetone (20 c.c.) at 60° was treated 
during 5 minutes, with shaking, with potassium permanganate (1-0 g.) and magnesium sulphate 
(1-0 g.) in water (20 c.c.), added in portions. The solution was rapidly heated to boiling and 
filtered. The filtrate was cleared by sulphur dioxide, concentrated, and extracted with chloro- 
form (3 x 25 c.c.). The combined extracts were washed with saturated sodium hydrogen 
carbonate solution (3 x 20 c.c.) and the combined washings acidified (Congo-red). Meconin- 
4-carboxylic acid (250 mg.), isolated via chloroform, separated from aqueous ethanol as needles, 
m. p. 220—222° (decomp.) alone or mixed with preparation (a) (Found: C, 55-6; H, 43%). 

The authors thank Professor F. S. Spring, F.R.S., for his continued encouragement, the 
Goyernors of The Royal Technical College for the award of the Nobel Scholarship (to J. J. B.) 
and Messrs. T. and H. Smith, Ltd., for gifts of chemicals. 
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952. The Basic Reductive Fission of Sulphones, 
By R. E. DaBsy, J. Kenyon, and R. F. MAson. 


Several diaryl and alkyl aryl sulphones are shown to undergo reductive 
fission by sodium amalgam and boiling ethanol to a sulphinic acid and a 
hydrocarbon, the latter being derived from the radical of more pronounced 
electron-releasing character. Dialkyl sulphones appear to be indifferent to 
this reagent. 





THERE is much evidence, summarised by Suter (‘‘ Organic Chemistry of Sulphur,’’ John 
Wiley & Sons, London, 1944, p. 683), that sulphones are unaffected by the usual 
reducing agents. On the other hand, Mozingo, Wolf, Stanton, Harris, and Folkers (/. 


Amer. Chem. Soc., 1943, 65, 1013) showed that diphenyl sulphone (and several other 
sulphones), when heated with Raney nickel in ethanol, undergoes hydrogenolysis to 
benzene in 65% yield. Recently Balfe, Dabby, and Kenyon (J., 1951, 385) found that 


Products of the reductive fission of sulphones. 
Products. (Yields are given as from | g. of 
sulphone. The sulphinic acids were isolated 
Sulphone. as their benzyl sulphones.) 

Ph-SO,*Me Ph*SO,H (0-75 g.) 
Ph-SO,°Ph Ph*SO,H (0-8 g.), CgH, (0-1 g.)? 
p-C,H,Me-SO,°Ph p-CgH,Me-SO,H (0-5 g.) 
Ph-SO,°CH,Ph Ph-SO,H (0-7 g.), C;H, (0-1 g.) 2 
Ph-SO,°C,H,;(OMe),-2 : 4 Ph‘SO,H (0-7 g.), m-C,H,(OMe), (0-6 g.) ® 
p-C,H,Me-SO,°C,H,;(OMe),-2 : 4 p-C,.H,Me-SO,H (0-5 g.), m-C,H,(OMe), (0-6 g.) 3 
B-C,,H,"SO,°C,H,(OMe),-2 : 4 Meaty (0-15 g.), CygH, (0-3 g.), m-C,H,(OMe), 
p-MeO-C,H,-CHPh:SO,°C,H,Me-p p-C,.H,Me’SO,H (0:3 g.), p-MeO-C,H,°CH,Ph (0-4 g.) * 
p-MeO-C,HyCH(C,,H,-a)*SO,°-C,H,Me-p p-MeO-C,H,’CH,°C,,H,-a (0-6 g.) ® 
2: 1-MeO-C,,H,«*CHPh’SO,°C,H,Me-p 2: 1-MeO-C,,H,°CH,Ph (0-6 g.) ¢ 
p-C,H,Ph-CHPh’SO,°C,H,Me-p p-C,H,Ph-CH,Ph (0-6 g. et ’ 
2: 4: 6-(MeO),C,H,-CHPh’SO,°C,H,Me-p p- Ce wv «Me’SO,H (0:3 g.), 2:4: 6-(MeO),C,H,-CH,Ph 

(0-55 g.) 

: 4: 6-(MeO),C,H,°CH(C,,H,-a)"SO,°-CgH,Me-p p- Cy He er *SO,H (0-2 g.), 
6-(McO),C, H,°CH,’C,,H,-a (0-7 g.) 

CH,Ph-SO,*Me, CH,Ph*SO,°CH,Ph, and n-CgH, "SO," C ee m are inert to sodium amalgam. 


1 As m-C,H,(NO,),. *°As Ph-CO,H. #* As dibromo-derivative. * B. p. 171°/22 mm. (lit., b. p. 
157°/8mm.)(Found: C, 84-9; H,7-0. Calc. for C,,H,,O: C, 84-8; H, 7: ih): 5 M. p. 94° 
87-1; H,6-8. C,,H,,O requires C, 87-1; H,6-5%). © M.p. 98-5 (Found : C, 87-2; C.H,,0 
requires C, 87-1; H, 65%). 7 M. p. 85-5° (lit.,m. p. 85°) (Found: C, 93-5; H, 6-6. Calc. for CygH,¢: 
C, 93-4; H, 66%). 
14k 
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p-methylsulphonylbenzophenone was converted by sodium amalgam or zinc dust-sodium 
hydroxide in alcohol quantitatively into diphenylmethanol: #-Me-SO,°C,H,*COPh —> 
Ph,CH-OH. This unexpectedly smooth fission led us to apply this simple procedure to 
other sulphones with the object of determining the nature of the second product of fission. 
From the results given in the Table it appears that the radical of more pronounced electron- 
releasing character manifests itself as a hydrocarbon whilst ‘the second radical remains 
attached to sulphur and appears as a sulphinic acid : R-SO,*R’ + H, —> R*SO,H + R’H. 
In the case of 2 : 4-dimethoxyphenyl @-naphthy] sulphone the two possible hydrocarbons 
and one of the two possible sulphinic acids were isolated. Furthermore it seems evident 
that a necessary condition for this reaction to occur is that the sulphonyl group must be 
directly attached to at least one aromatic radical. 

Some of the sulphones examined were derived from alcohols which readily undergo 
alkyl-oxygen fission; they were easily prepared by the interaction of the alcohol and 
sodium toluene-f-sulphinate in acid solution. 


EXPERIMENTAL 


Reductive Fission of p-Tolyl 2:4: 6-Trimethoxvdiphenylmethyl Sulphone.—The sulphone 
(1 g.) was heated under reflux (4 hours) in ethanol (25 c.c.) with 6% sodium amalgam (25 g.). 
The solution was decanted and concentrated. On cooling, prismatic rods of 2 : 4 : 6-trimethoxy- 
diphenylmethane (0-55 g., 88%), m. p. 91—92°, separated. The filtrate contained sodium 
toluene-p-sulphinate and was evaporated on the steam-bath. The trimethoxydiphenylmethane, 
when recrystallised from ethanol, had m. p 93-5—94-5° alone or when mixed with a specimen 
obtained from the hydrogenolysis of the corresponding sulphide. The sulphinic acid was 
characterised as its benzyl sulphone (0-3 g.), m. p. 145—146° alone or when mixed with an 
authentic specimen. This procedure was applied to several sulphones and the corresponding 
hydrocarbons and sulphinic acids (isolated as p-tolyl sulphones) were obtained. 

Preparations.—2 : 4-Dimethoxydiphenyl sulphone was prepared by Burton and Hoggarth’s 
method (J., 1945, 14) as were also 2: 4-dimethoxyphenyl p-tolyl sulphone, small rhombs (from 
ethanol), m. p. 154—155° (Found: C, 61-8; H, 5-5; S, 11-0. C,;H,,0,S requires C, 61-7; H, 
5-5; S, 109%), and 2 : 4-dimethoxyphenyl B-naphthyl sulphone, needles (from methanol) or plates 
(from acetic acid), m. p. 135° (Found: C, 65-7; H, 5-0; S, 10-2. C,,H,,0,S requires C, 65-9; 
H, 4-9; S, 98%). 

Reductive Fission of 2: 4-Dimethoxydiphenyl Sulphone.—The sulphone (2-5 g.) in ethanol 
(40 c.c.) was heated under reflux (5 hours) with 6% sodium amalgam (30 g.). The 
decanted solution was distilled in a current of steam. The residue yielded benzyl phenyl 
sulphone (1-7 g.), m. p. 149—150° alone or when mixed with an authentic specimen. The 
material obtained by ether-extraction of the steam-distillate was mixed with ethanol (10 c.c.) 
and bromine (3 g.) dropwise. There separated dibromoresorcinol dimethyl ether (1-4 g.), 
m. p. 141—142° alone or mixed with an authentic specimen. This procedure was applied to 
the two dimethoxypheny] sulphones described above. 

Reductive fission of 2: 4-dimethoxyphenyl $-naphthyl sulphone (2 g.) gave naphthalene 
(0-6 g.), m. p. and mixed m. p. with an authentic specimen 78—80°; dibromoresorcinol dimethyl 
ether (0-4 g.), m. p. 140—142°, and benzyl B-naphthyl sulphone (0-3 g.), plates (from butanol), 
m. p. 190-5—191-5° (Found: C, 72-3; H, 5-1; S, 11-7. C,,;H,,0,S requires C, 72-4; H, 5-0; 
S, 11-4%). 


Thanks are expressed to the Department of Scientific and Industrial Research for a 
maintenance allowance to one of us (R. F. M.) and to the Research Fund of the University 


of London. 


BATTERSEA POLYTECHNIC, LONDON, S.W.11. (Received, September 17th, 1952.) 
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953. Studies in the Steroid Group. Part LVI.* Reduction of 
Dehydroergosterol Epidioxide. 


By Peter Biapon, R. B. Clayton, C. W. GREENHALGH, H. B. HENBEsT, E. R. H. JONEs, 
(Miss) B. J. Lovett, G. SILVERSTONE, GEOFFREY W. Woop, and GILBERT F. Woops. 


A study of the hydrogenation of dehydroergosterol epidioxide and its 
esters (I) in the presence of platinum catalysts has shown that the ethylenic 
bond in ring B is reduced first, this being followed by fission of the epidioxide 
bridge to yield 5: 8-dihydroxy-A®!”’-steroids (e.g., III); under carefully 
chosen conditions either of these stages of reduction can be achieved without 
hydrogenation of the side-chain double bond. Hydrogenation of (I) in the 
presence of Raney nickel (or palladium) leads to the formation of 5-hydroxy- 
A7‘99))_steroids, the 22 : 23-bond being unaffected. 


TuIs paper is the first of a series describing work on the conversion of the comparatively 
readily available ergosterol into cortisone. During the past two years five schools have 
described important progress towards the same objective (Chamberlin, Ruyle, Erickson, 
Chemerda, Aliminosa, Erickson, Sita, and Tishler, J. Amer. Chem. Soc., 1951, 73, 2396; 
Fieser, Herz, and Huang, tbid., p. 2397; Stork, Romo, Rosenkranz, and Djerassi, tbid., 
p. 3546; Heusser, Eichenberger, Kurath, Dallenbach, and Jeger, Helv. Chim. Acta, 1951, 
34, 2106; and later papers from these four groups, and Anderson, Budziarek, Newbold, 
Stevenson, and Spring, Chem. and Ind., 1951, 48, 1035). All of these workers have, broadly 
speaking, been studying similar routes, which differ, however, in certain essential par- 
ticulars from the major route investigated in these laboratories. 

In cortisone, the steroid nucleus is modified by the presence of three important struc- 
tural features, the unsaturated ketone system in ring A, the 11-keto-group in ring c, and 
the oxygenated side chain. It seemed possible that, starting from dehydroergosterol 
epidioxide ¢ (I; R =H), procedures could be devised for introducing these features. 


CO-CH,"OH 


Oo --OH 
Ww 


44 
gf 


Cortisone 


Thus, provided that the side-chain double bond could be retained until an appropriate 
stage, oxidative fission of this bond could open the way to the cortical side chain by use of 
known methods. The 9: 11l-ethylenic linkage, either alone or particularly in association 
with an oxygen atom at Cig, offered promise of a means of introducing the 1l-oxygen 
atom. The 5: 8-epidioxide system could also afford (by reduction) a 5-hydroxyl group 
which, after oxidation of the 3-hydroxyl group, should lead readily to the 3-keto-A‘-system. 
The latter possibility could be most advantageous since the introduction of the 3-keto- 
A‘-system, even in the A/B-cis-series has presented considerable difficulty (cf. Mattox and 
Kendall, J. Biol. Chem., 1951, 188, 287), and was practically impossible in the A/B-trans- 
series until Rosenkranz, Mancera, Gatica, and Djerassi (J. Amer. Chem. Soc., 1950, 72, 
4077) described an elegant, although somewhat roundabout, method. 

The starting material in the present work, dehydroergosterol epidioxide, was first 
prepared by Windaus and Linsert (Amnalen, 1928, 465, 148) by photo-activated addition 
of oxygen to 9(11)-dehydroergosterol. The structure of the epidioxide was then unknown, 
but, after the formula of ergosterol had been established, Miiller (Z. phystol. Chem., 1935, 


* Part LV, J., 1952, 2737. 
t+ In the steroid field, this group has usually been termed “ peroxide”; the more systematic 
“‘ epidioxide ”’ will be used in this series of papers. 
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231, 75) suggested that the epidioxide has the (now accepted) structure (I; R = H). 
Because most reagents attack the centre of the steroid molecule from the rear, and from 
certain other evidence, Fieser (Experientia, 1950, 6, 312) suggested that the-oxygen bridge 
in ergosterol epidioxide is «-orientated. The closely related dehydroergosterol epidioxide 
would be expected to have the same configuration [indicated in (I)] as the ergosterol analogue, 
and this has been confirmed by the present experiments. 

Windaus and Linsert’s method for preparing the epidioxide from dehydroergosterol 
involved the passage of oxygen into an irradiated ethanolic solution (containing a little 
eosin) of the sterol at room temperature. Larger quantities can be more conveniently 
obtained if the reaction is carried out in boiling ethanol, the yield remaining the same 
(ca. 30%). As the epidioxide is unstable towards traces of acids, small amounts of alkali 
were added to the oxidation reaction mixture as a prophylactic measure—the effect being 
to raise the yield to about 80°%,; it was however also necessary to employ dry ethanol, the 
use of alkaline 95% ethanol giving yields of the order of 50%. 

We investigated first the reduction of the unsaturated epidioxide system (with the 
possibility of keeping the side-chain double bond intact), and, secondly, the selective 
oxidation of the 22 : 23-bond in (I). The latter route did not seem very promising since 
Bergmann and Stevens (J. Org. Chem., 1948, 18, 10) reported that ozone attacks simul- 
taneously the 6 : 7- and the 22 : 23-bonds in (I1)—in contrast, it may be noted, to the ozon- 
olysis of the maleic anhydride adduct of dehydroergosterol, which gives good yields of the 
side-chain aldehyde retaining the 6: 7-double bond (cf. Levin, Spero, McIntosh, Wesner, 
Meinzer, Searcy, and Thompson, Amer. Chem. Soc. 120th Meeting, Abs., 1951, 61). A 
preliminary examination showed that (I; R= Ac) and performic acid gave mixtures. 
However, a similar reaction with perbenzoic acid affords the (two) side-chain epoxides in 
small yields (personal communication from Dr. D. H. R. Barton and Mr. G. F. Laws—this 
reaction is described in the Experimental section of this paper). 





RO (1) AcO AcO “(vy 


The only previous work on the reduction of dehydroergosterol epidioxide is that of 
Windaus, Auhagen, Bergmann, and Butte (Annalen, 1930, 477, 268), who reported that 
zinc-alkali reduction of (I; R = H) gave the 5-hydroxy-7 : 9(11) : 22-triene (V)—evidence 
for the «-configuration of the 5-hydroxyl group is presented below. Hydrogenation of 
(1; R = Ac) was first studied in acetic acid solution (platinum catalyst), it being observed 
that two mols. of hydrogen were rapidly taken up, followed by two more slowly. By 
stopping the hydrogenation after the uptake of two mols., 38-acetoxy-5a : 8«-epidioxy- 
ergost-9(11)-ene (‘‘ tetrahydro-acetate ’’) (IV) was isolated in over 50% yield. Ozonolysis 
experiments and infra-red absorption measurements with this compound demonstrated 
the absence of the 22 : 23-bond, and chromatographic behaviour (and also certain colour 
tests, see Experimental) indicated that the 6: 7-bond had been reduced without affecting 
the epidioxide bridge. 

Since it was hoped that the 6 : 7-bond might be reduced whilst the 22 : 23-bond (more 
reactive than the A®2-bond) remained unaffected and available for side-chain degradation 
(see following paper), (I; R = Ac) was hydrogenated under a variety of neutral and 
weakly acidic conditions with platinum catalysts, but in no case was there a definite break 
in the hydrogenation curve after absorption of 1 mol. Catalyst poisons such as quinoline 
or thiourea decreased the hydrogenation rate but did not improve the selectivity. From 
each of these experiments (stopping at one mol. uptake), a mixture of tetrahydro-acetate 
(IV), the required dihydro-acetate (II), and unchanged (I; R = Ac) was obtained, and on 
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a small scale this mixture could be separated by chromatography. Separation of the tetra- 
hydro- from the dihydro-acetate was more easy than that of the latter from the starting 
material, probably because the rigidity of the side chain in (IV) is less than that of the 
(identical) unsaturated side chain in the other two compounds. 

Selective hydrogenation of (I) was finally achieved by using platinum prepared from a 
variety of hydrated platinic oxide, the dihydro-acetate (II) being then obtained in yields 
of up to 60%. This is believed to be the first occasion on which hydrogenations have 
been performed by starting with hydrated platinic oxide of approximate composition, 
PtO,,3H,O. The time necessary for pre-reduction of this material (to yield a moderately 
finely divided form of platinum) is much greater than that required for Adams catalyst. 
Alternatively, with the steroid present, an “‘ induction period ’’ was observed, hydrogen- 
ation then proceeding rapidly until over one mol. had been absorbed. The structure of 
the dihydro-compound was confirmed by ozonolysis, its chromatographic behaviour, and 
its further reactions. 

Hydrogenation of dehydroergosteryl acetate epidioxide in the presence of palladium 
and Raney nickel catalysts was also studied. In contrast to the experiments with platinum, 
the chief product isolated was the 5-hydroxy-7 : 9(11) : 22-triene (V) (80°, yield with Raney 
nickel) ; this compound had been previously prepared by Windaus e¢ al. (loc. cit.) by zinc- 


4 / 


\/\ 4 ‘OH OA, 
AcO OH (IIT) AcO OH (V) 


alkali reduction of (I; R = H), followed by acetylation. Hydrogenation with palladium 
and Raney nickel catalysts probably proceeds by rupture of the epidioxide bridge followed 
by (or possibly simultaneously with) reduction of the 6 : 7-bond, thus affording a 5 : 8-diol 
of formula (III). We have shown (see below) that diols of this structure are readily 
dehydrated by acid to 5-hydroxy-7 : 9-dienes; in the present case, the hydrogen adsorbed 
on the catalyst surface is presumably sufficiently acidic to effect the dehydration. 

On hydrogenation of the tetrahydro-acetate (IV) in the presence of Adams catalyst in 
concentrated ethyl acetate solution, uptake of one mol. of hydrogen was accompanied by 
precipitation of the 5 : 8-diol (VI) in about 80% yield, hydrogenation then virtually ceasing. 
Similar hydrogenation of the dihydro-acetate or the original epidioxy-acetate (I; R = Ac) led 
to the uptake of one and two mols. of hydrogen respectively with the simultaneous separation 


AcO OH (VT) Aco “OWN (VII) 


of the side-chain unsaturated 5: 8-diol (III). These two diols, which showed no selective 
light absorption in the 2400 A region, were very easily dehydrated by traces of mineral 
acids to the corresponding 5-hydroxy-7 : 9-dienes (V and VII). The 5-hydroxyl groups in 
(V) and VII) had the «-configuration because they could be acylated by the procedure of 
Plattner, Petrzilka, and Lang (Helv. Chim. Acta, 1944, 27, 518) which, as shown by these 
authors, does not acetylate 58-hydroxyl groups. It follows that the epidioxy-bridge in (1) 
is a-orientated, thus confirming Fieser’s suggestion (loc. cit.); incidentally, ring B will be 
in the boat configuration. It has further been observed that 5a-hydroxyl groups may be 
readily acylated by means of diketen in chloroform solution, giving 5«-acetoacetates. 
Another method, more direct and convenient, for converting the partially reduced 
epidioxides (II) and (IV) into the 5a-hydroxy-7 : 9-dienes (V) and (VII) was by reduction 
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with zinc dust in warm acetic acid (80% yields); the reaction undoubtedly proceeds via 
the corresponding 5 : 8-diols which are easily dehydrated under these conditions. 

The tetrahydro-acetate (IV) also absorbed 1 mol. of hydrogen fairly rapidly in presence 
of Adams catalyst in acetic acid (but without precipitation); a second mol. was then ab- 
sorbed more slowly, although there was no very well-defined break in the curve. The 
product after the uptake of two mols. consists mainly of the 5a-hydroxy-A?-compound 
(VIII), the same product being obtained by hydrogenation of the 5-hydroxy-7 : 9-diene 
(VII); in this connection, we are much indebted to Drs. E. Mosettig and W. Nes 
(Washington) for informing us that platinum-catalysed hydrogenation of ergosterol-D in 
ethyl acetate solution gives ergost-7-enol (cf. also Barton and Cox, J., 1949, 219, who 


fNZ \IZ /™N| Pt-H, 
1} | or | | 


Petty ‘ 4 sii 


; /\ 
O,°| 


O,| 
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SA f" " ~ P t WA ea 
OH AcO bY AcO OH 
(I; R = Ac) (II, IV) (V, VII) (VIIT) (IX) 


describe the isolation of some «-dihydroergosterol from the hydrogenation of dehydro- 
ergosterol). Miiller (loc. cit.) had already described the hydrogenation of the 5-hydroxy- 
7:9: 22-triene (V) to yield a material (called ergostendiol I1) with similar physical con- 
stants to our products above, for which the 5-hydroxy-A®®)-structure was (erroneously) 
suggested. The 5-hydroxy-A?-compound from these experiments proved difficult to 
purify, even by crystallization of the 3: 5-diacetate. The structure was indicated by 
comparison with authentic specimens readily prepared in a pure form from ergosterol 
epidioxide—a detailed discussion of the reduction of this epidioxide leading to 5-hydroxy- 
A?-steroids and other products will be presented later. If the reduction of the tetrahydro- 
acetate under these acidic conditions was stopped after the uptake of 1 mol., a mixture 
of starting material, 7 : 9-diene (VII), and 5-hydroxy-A?-compound (VIII) was obtained. 
It is probable that the 5 : 8-diol (VI) is first formed, and that this is rapidly dehydrated 
under these conditions to the diene (V11), which is then rather more slowly hydrogenated 
to (VIII). The impure 5-hydroxy-A’-compound was also produced by hydrogenation of 
the epidioxide (I; R = Ac) or dihydro-acetate (II) with Adams catalyst in acetic acid, 
four and three mols. of hydrogen being taken up respectively. The isolation of a A?-com- 
pound from these platinum—acetic acid hydrogenation experiments indicates that the rate 
of isomerization to the 48) -structure normally observed under these conditions is retaided 
by replacement of 5«-hydrogen by 5a-hydroxyl—the larger group probably hinders the 
approach of the catalyst. However, longer reaction afforded the 5-hydroxy-A8@-com- 
pound (IX), recognized by its characteristic absorption in the 2050—2250-A region 
(Bladon, Henbest, and Wood, J., 1952, 2737). 

The above hydrogenation experiments with dehydroergosterol epidioxide parallel to 
some extent the reduction of the simpler unsaturated epidioxide, ascaridole. Richter and 
Presting (Ber., 1931, 64, 878) have shown that hydrogenation of ascaridole in the presence 
of palladium yields (amongst other products) an unsaturated glycol (1 : 4-dihydroxy- 
p-menth-2-ene) by rupture of the epidioxide ring. On the other hand, Paget (/., 1938, 
829) has reported that similar hydrogenation with a platinum catalyst first affords the 
corresponding saturated epidioxide in good yield. 


EXPERIMENTAL 


In this and the following two papers m. p.s were determined on a Kofler block and are 
corrected. Optical rotations were determined in chloroform solutions in a 1-dm. semimicro- 
tube at room temperature (18—25°) unless stated otherwise. Analytical samples were dried 
in vacuo at 100° or at 20° below the m. p. 

Peter Spence (Grade H) alumina was used for chromatography; ‘“‘ deactivated alumina ”’ 
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signifies that it had been treated with dilute acetic acid as described by Farrar, Hamlet, Henbest, 
and Jones (/., 1952, 2657). 

In all three papers, compounds containing 9: 1l-ethylenic bonds are referred to in the 
Experimental Sections as A*-compounds. 

5a : 8a-Epidioxy-38-hydroxyergosta-6 : 9: 22-triene (1; R =H) and its Esters.—Dehydro- 
ergosterol (50 g.), dissolved in absolute ethanol (3200 c.c., dried by the diethyl phthalate method), 
containing sodium ethoxide (from 1 g. of sodium) and 10 c.c. of a 10% solution of eosin in 
ethanol, and contained in a 5-1. flask fitted with a reflux condenser and a sintered glass gas- 
bubbler, was illuminated from below by a 500-w tungsten lamp placed close to the flask. Oxygen 
(or dry carbon dioxide-free air) was passed through the irradiated solution, the heat from the 
lamp keeping the liquid at its b.p. When a sample showed only a downward sloping absorption 
curve from 3000 to 3400 A (after about 45 hours), the solvent was removed under reduced 
pressure. The residual syrup, dissolved in methanol (400 c.c.), was kept overnight at 0°. The 
separated product was purified by extraction (Soxhlet) with methanol; crystallization then gave 
the epidioxide (34 g.), m. p. 158—162°, [a], +78°. Recrystallization from methanol gave a 
product of m. p. 161—164-5°, [«]) + 80° (c, 1-29). Windaus and Linsert (loc. cit.) give m. p. 
158°. Acetylation with acetic anhydride and pyridine at 20° overnight gave 38-aceto, y-5a : 8«- 
epidioxyergosta-6 : 9 : 22-triene, flat needles (from methanol), m. p. 173-5—175-5°, [«], +90 
(c, 1-75) (Found: C, 77-0; H, 9-85. C3,H,,O, requires C, 76-85; H, 9-5%). 

Benzoyl chloride in pyridine at 20° (1 hour) gave the 38-benzoate. This separated from 
acetone—methanol (1 : 1) in a gelatinous form, which slowly crystallized as needles, m. p. 185— 
189°, [~], +87° (c, 1-21), when kept overnight in contact with the mother-liquor (Found : 
C, 79-0; H, 8-8. C3,H,,O, requires C, 79-2; H, 8-75%). 

38-A cetoxy-5a : 8a-epidioxyergosta-9 : 22-diene (Dihydro-acetate) (I1).—A solution of the fore- 
going epidioxy-acetate (11-25 g.) in dioxan (150 c.c.) was shaken with hydrogen in the presence 
of yellow hydrated platinic dioxide (100 mg.) (Johnson, Matthey; containing ca. 65% of Pt). 
Uptake of hydrogen was slow at first, but after about 30—45 minutes (during which the catalyst 
became black) rapid absorption (1 1.) commenced, after which the rate decreased and the 
hydrogenation was stopped. After evaporation under reduced pressure, the residue was 
introduced in benzene (200 c.c.) on to a column of alumina (150 g.). Elution with benzene 
(1-3 1.) gave a product (5 g.), [x], —24°, which on recrystallization from methanol gave the 
dihydro-acetate as needles, m. p. 162—164°, [a], —28-5° (c, 1-14) (Found: C, 76-75; H, 10-15. 
Cy9H,,.O, requires C, 76-55; H, 9-85%). Further elution with benzene gave steroid (0-6 g.) 
with [«]) +20°, and finally elution with ether-methanol (9:1) gave 38-acetoxy-5« : 8«-di- 
hydroxyergosta-9 : 22-diene (6-1 g.) (see below). 

The above description is that of a typical experiment. The best yields of dihydro-acetate 
were obtained when the volume of hydrogen absorbed in the period of rapid uptake was nearest 
to 1 mol. Some evidence was obtained (see following Table) that better yields of dihydro- 
acetate were obtained at lower temperatures. 

Epidioxide Hydrogen Dihydro- Epidioxide Hydrogen Dihydro- 
hydrogenated uptake acetate, hydrogenated uptake acetate, 
(g.) Temp. (mols. ) yield (%) Temp. (mols.) yield (%) 
5-62 1-33 57 28 2% 1-50 aa 
5-62 : 1-57 47 “s 2 1-50) * 
11-24 2 1-65 40 “ f 1-455 ' 
11-08 1-50 57 


Alkaline hydrolysis of the dihydro-acetate gave 5a : 8a-epidioxy-38-hydroxyergosta-9 : 22- 
diene, leaflets (from methanol), m. p. 162—164°, [a], —45° (c, 1-30) (Found: C, 78-25; H, 10-4. 
C,,H,,O, requires C, 78-45; H, 10-35%). Its 38-benzoate formed needles (from ethyl methyl 
ketone—methanol), m. p. 184—189°, [a], —18° (c, 0-7) (Found: C, 78-8; H, 9-0. C,,H,,O, 
requires C, 78-9; H, 9-1%). 

38-A cetoxy-5a : 8a-epidioxyergost-9-ene (Tetrahydro-acetate) (IV).—A solution of 38-acetoxy- 
5a : 8x-epidioxyergosta-6 : 9 : 22-triene (1-87 g.) in ethyl acetate—acetic acid (160 c.c.) (19: 1) 
was shaken with hydrogen in the presence of Adams platinic oxide (0-18 g.) until 2 mols. of 
hydrogen had been taken up (35 minutes). Hydrogenation then became considerably slower. 
Filtration and evaporation of the filtrate to dryness under reduced pressure gave a solid that 
was introduced in benzene (20 c.c.) on to a column of alumina (180 g.). Elution with light 
petroleum—benzene (3:2) gave the tetrahydro-acetate (1-47 g.), which crystallized from ethyl 
acetate—methanol as needles (1-1 g.), m. p. 167—169° (change of form at 157°), [a], —8° 
(c, 1-90) (Found: C, 76-2; H, 10-3. C,,H,,O, requires C, 76-2; H, 10-25%). Further elution 
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with benzene gave 3$-acetoxy-5«-hydroxyergosta-7 : 9-diene (VII) (see later) (0-25 g.), which 
crystallized from ethyl acetate as plates, m. p. 200—204° (slight decomp.), [«], + 65° (c, 0-96). 

Alkaline hydrolysis of the tetrahydro-acetate gave 5a : 8x-epidioxy-38-hydroxyergost-9-ene, 
needles (from methanol), m. p. 155-5—157°, [a]) —28-5° (c, 0-79) (Found: C, 77-8; H, 10-7. 
C,,H4,O,; requires C, 78-05; H, 10-75%). Benzoyl chloride in pyridine at 20° gave the 38- 
benzoate, needles (from methanol-ethyl methyl ketone), m. p. 191—192°, [a], —9° (c, 1-40) 
(Found: C, 78-4; H, 9-4. C,,;H;,O, requires C, 78-6; H, 9-45%). 

Colour tests. Dehydroergosterol epidioxide and its esters gave an immediate red-brown 
colour with a solution of antimony trichloride in chloroform, but the dihydro- and the tetra- 
hydro-compound gave no colour. The latter compounds did not react with 2 : 4-dinitropheny]l- 
hydrazine in methanol-sulphuric acid, whereas dehydroergosterol epidioxide slowly afforded 
a dark red precipitate. 

38-Acetoxy-5a : 8a-dihydroxyergost-9-ene (V1).—Hydrogenation of tetrahydro-acetate (20 g.) 
in ethyl acetate (130 c.c.) in the presence of Adams catalyst (0-5 g.) (uptake 950 c.c. at 18°/ 
760 mm. ; theor., 1010 c.c.) gave the diol (17-5 g.), needles, m. p. 174—184°, showing no selective 
absorption in the 2400 A region. The diol could be separated from the catalyst by extraction 
with warm (40°) acetone, ethyl acetate, or dioxan; cooling to 0° afforded the compound as 
needles in each case. The m.'p. of such material was invariably lower (160—170°) but the 
rotation, [x] +53° (c, 0-85), and the chemical properties of the material were unchanged; the 
proportion of 7: 9-diene in such purified diol was always less than 2% (estimated spectroscopic- 
ally). Correct analytical data could not be obtained with the compound; low carbon and high 
hydrogen values indicated that tenaciously held water was present. 

38-A cetoxy-5x : 8a-dihydroxyergosta-9 : 22-diene (III).—A_ solution of 38-acetoxy-5« : 8«- 
epidioxyergosta-6 : 9 : 22-triene (10 g.) in ethyl acetate (130 c.c.) was shaken with hydrogen in 
the presence of pre-reduced Adams catalyst (0-5 g.). The product soon began to crystallize 
out, and after 2 mols. of hydrogen had been absorbed, the mixture was cooled to 6° and filtered. 
Evaporation under reduced pressure of a filtered chloroform solution of the product gave the 
diol (6-4 g.), m. p. 160—170°, [x], + 38° (c, 1-85). The behaviour of this compound on crystal- 
lization and when analysed was similar to that of the 5: 8-diol with the saturated side chain. 

Hydrogenation of the Epidioxide Acetate (1; R = Ac) to 36-Acctoxy-5a-hydroxyergosta- 
7:9: 22-triene (V).—A solution of the epidioxide acetate (2-8 g.) in ethyl acetate (200 c.c.) was 
hydrogenated in the presence of Raney nickel (4 c.c. of thick sludge, prepared according to 
Pavlic and Adkins, J. Amer. Chem. Soc., 1946, 68, 1471). The uptake of hydrogen (355 c.c., 
2-3 mols.) at 18°/746 mm. was rapid, the solution became warm and solid separated. The 
solution was diluted with chloroform and filtered, and the solvent removed under reduced 
pressure. Crystallization from acetone—chloroform gave the triene (2-64 g.), m. p. 203—210 
(decomp.), and recrystallization from the same solvent gave plates, m. p. 211—215° (decomp.), 
[a]p +47° (c, 1-10). Light absorption: Max., 2430 A; e« 15,600. Windaus, Auhagen, 
Bergmann, and Butte (loc. cit.) give m. p. 216°, [x]p +48°. 

38 : 5a-Diacetoxyergosta-7 : 9 : 22-triene.—36-Acetoxy-5a-hydroxy-compound (200 mg.) was 
heated with dimethvlaniline (1-6 g.), acetyl chloride (1-4 g.), and chloroform (40 c.c.) under 
reflux for 44 hours. The cooled solution was washed with sodium carbonate solution, and 
evaporated. The gummy residue, in light petroleum—benzene, was introduced on to deactivated 
alumina (20 g.). Elution with light petroleum gave a gum; the diacetate was eluted with light 
petroleum—benzene (4:1). Recrystallization from methanol gave it as needles, m. p. 142—143°, 
[x], + 92° (c, 0-9) (Found: C, 77-3; H, 10-0. C,,H,,O, requires C, 77-35; H, 9-7%). Light 
absorption: Max., 2450 A; ¢ = 15,000. 

5a-A cetoacetoxy-38-acetoxyergosta-7 : 9 : 22-triene.—3-Acetoxy-5-hydroxy-steroid (3-2 g.), di- 
keten (4 g.), chloroform (80 c.c.), and a few drops of triethylamine were heated under reflux for 
45 minutes. The solution was evaporated under reduced pressure, the residue being dissolved 
in benzene and chromatographed on deactivated alumina (250 g.). Benzene eluted a product, 
which after crystallization from methanol afforded needles (2-45 g.), m. p. 127—133°. Re- 
crystallization from methanol gave the 5a-acetoacetate, m. p. 134—137°, [a]p + 85° (c, 1-15) 
(Found: C, 75-5; H, 9-6. C3,H,,0,; requires C, 75-8; H, 9-4%). Addition of neutral ferric 
chloride solution to a methanolic solution of the steroid gave a purple colour. 

Partial hydrolysis of this acetate (2-3 g.) was effected by reflux with 5% potassium 
hydroxide in 95% ethanol (50 c.c.) for 25 minutes. Cooling and acidification gave a product, 
which after two recrystallizations from methanol gave the 5«-acetoacetoxy-steroid (1-7 g.) as needles, 
m. p. 125—127°, [a)p +79° (c, 0-86) (Found: C, 76-9; H, 9-8. C,,H,,O, requires C, 77°35; 
H, 9°7%). 





(1952) Studies in the Steroid Group. Part LVI. 4889 


38-A cetoxy-5a-hydroxyergosta-7 : 9-diene (VII) from (IV).—Zinc dust (20 g.) was added in 
small portions to a boiling solution of 38-acetoxy-5a : 8x-epidioxyergost-9-ene (20 g.), in acetic 
acid (150 c.c.), the mixture being finally heated under reflux for 15 minutes. The hot solution 
was filtered, the residue being washed with chloroform. The steroid was isolated with chloro- 
form, acetic acid being removed by washing with aqueous sodium hydrogen carbonate solution. 
Evaporation of the chloroform, followed by crystallization from acetone or ethyl acetate, gave 
the 5-hydroxy-diene (15 g.) as plates, m. p. 205—208° (slight decomp.), [«], +64° (c, 0-76) 
(Found: C, 79-0; H, 10-7. C,,H,,O,; requires C, 78-9; H, 10-6%). Light absorption: Max., 
2430 A; ¢ = 15,700. 

Similar reduction of the dihydro-acetate (II) afforded 38-acetoxy-5a-hydroxyergosta- 
7:9: 22-triene (V) in good yield. 

38 : 5a-Diacetoxyergosta-7 : 9-diene.—The 38-acetoxy-5a-hydroxy-steroid (5-5 g.), dimethyl- 
aniline (38-5 g.), acetyl chloride (38-5 g.), and chloroform (200 c.c.) were heated under reflux for 
16 hours. The solution was cooled, diluted with chloroform, washed in turn with dilute acid 
and alkali, dried and evaporated. The product in light petroleum was chromatographed on 
deactivated alumina (250 g.). Elution with light petroleum—benzene (4 : 1) followed by crystal- 
lization from methanol afforded needles (4-15 g.), m. p. 95—102°, and further recrystallization 
gave the diacetate-diene (3-25 g.), m. p. 100—102°, [a], + 127° (c, 0-8) (Found : C, 77-0; H, 10-1. 
C3.H,,O0, requires C, 77-0; H, 10-15%). 

Hydrolysis of the diacetate (2-35 g.) with 5% potassium hydroxide in 95% methanol (50 c.c.) 
for 30 minutes at 50° gave (after isolation with ether) 5«-acetoxy-38-hydroxyergosta-7 : 9-diene 
(1-5 g.), needles (from ethyl acetate), m. p. 157—163°, [«],, + 122° (c, 0-6) (Found: C, 78-85; 
H, 10-7. Cy 9H,,O, requires C, 78-85; H, 10-6%). 

5a-A cetoacetoxy-38-acetoxyergosta-7 : 9-diene.—A solution of 38-acetoxy-5«-hydroxyergosta- 
7: 9-diene (2-5 g.) in chloroform (50 c.c.) containing diketen (4 g.) and triethylamine (0-1 c.c.) 
was heated under reflux for 45 minutes, the product then being isolated as described above for 
the corresponding A**-compound. The 5«-acetoacetate crystallized from methanol as needles, 
m. p. 110—111°, [«], + 103° (c, 0-95) (Found: C, 75-6; H, 9-85. C,,H;,0,; requires C, 75-5; 
H, 9-7%). : 

Hydrogenation of 38-Acetoxy-5a-hydroxyergosta-7 : 9-diene (VII) to 38-Acetoxy-5a-hydroxy- 
ergost-7-ene (VIII).—A solution of the diene (0-73 g.) in ethyl acetate (50 c.c.) was fully 
hydrogenated in the presence of palladium-—calcium carbonate (1 g.; 2% Pd). After filtration 
and removal of the solvent under reduced pressure the residue was twice crystallized from ethyl 
acetate, to give impure 38-acetoxy-5a-hydroxyergost-7-ene (230 mg.) as plates, m. p. 215—226° 
(decomp.), [a], +21° (c, 1-01) (Found: C, 78-75; H, 10-8. Calc. for C,1Hz10,: C, 78-55; 
H, 11-0%) (Miiller, Joc. cit., records m. p. 196°, [«],, +22° for this material—the pure acetate 
has m. p. 224—229°, [a],, +20° (forthcoming publication). 

Hydrolysis yielded the 3: 5-diol (rectangular plates from ethyl acetate), m. p. 209—-223° 
(decomp.), [a], +26-5° (c, 1-03) (Miiller gives m. p. 219°, [a], +23-6°, for this compound 
called ergostendiol II; the pure compound has m. p. 232—240°, [a], +-16°). Light absorption : 
E2959 = 5300, eg199 = 4600; ey299 = 2300 [for ergost-7-enol, Bladon, Henbest, and Wood (loc. 
Cit.) ZIVE Esosq = 4900; eg199 = 4700; Eg099 = 1800). 

Acetylation of this material by acetyl chloride—dimethylaniline gave, after chromatographic 
purification and several crystallizations from methanol, the still somewhat impure 3 : 5-diacetate 
as needles, m. p. 129—134°, [a], +54°—the pure diacetate has m. p. 128—130°, [«],, + 65°. 
The infra-red spectra of the pure and the impure diacetate were practically identical, both 
showing peaks at 805, 830, and 847 cm.” (C,,.—-H out-of-plane bending frequency region). 

36 - Acetoxy - 5a-hydroxyergost-8(14) -ene (IX).—Crude 38 -acetoxy - 5«-hydroxyergost -7 -ene 
(100 mg.) in acetic acid (10 c.c.) was shaken with hydrogen in the presence of Adams platinic 
oxide (20 mg.) for 6 hours. The steroid was isolated with ether; crystallization from methanol 
gave 38-acetoxy-5a-hydroxyergost-8(14)-ene as rectangular needles, m. p. 161—164°, [a], —3-5° 
(c, 1-04) (Found: C, 78-7, H, 11-1. Cj 9H, 0, requires C, 78-5; H, 11-0%). 

Alkaline hydrolysis gave the corresponding diol, plates (from ethyl acetate), m. p. 208—225° 
(decomp.), [«]p +8° (c, 1-01) (Found : C, 80-5; H, 11-8. C,,H,,O, requires C, 80-7; H, 11-6%). 
Light absorption: €5199 = 10,000; €:59 = 8500; Eo999 = 5700; these values. are in good agreement 
with those for 38-hydroxyergost-8(14)-ene (Bladon, Henbest, and Wood, loc. cit.). 

Acetylation of the monoacetate by acetyl chloride-dimethylaniline afforded 38 : 5«-diacet- 
oxyergost-8(14)-ene, which after purification by chromatography was crystallized from methanol, 
from which it separated as a gel that slowly changed into a granular solid, m. p. 99—106°, 
[aly +18° (c, 0-6) (Found: C, 76-8; H, 10-5. C,,H,,0, requires C, 76-75; H, 10-45%). 
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38-A cetoxy-5a-hydroxyergost-7-ene (VIII) from Dehydroergosteryl Acetate Epidioxide and 
Intermediate Compounds.—The epidioxide (1 g.) in ethyl acetate (50 c.c.) containing 10% of 
acetic acid was hydrogenated in the presence of Adams catalyst (50 mg.). Absorption ceased 
when 4 mols. had been taken up, the product then being isolated with ether. A single crystal- 
lization gave crude 3$-acetoxy-5a-hydroxyergost-7-ene, m. p. 180—208°, [a], +27°, after one 
crystallization. Similar hydrogenation of 3$-acetoxy-5« : 8a-epidioxyergost-9 : 22-ene and 
38-dcetoxy-5« : 8a-dihydroxyergost-9-ene resulted in the uptake of 2 and 1 mol. of hydrogen 
respectively, giving products with m. p. 179—198°, [a], +31°, and m. p. 178—197°, [«],, +33° 
respectively. 

Each of these three samples of crude 36-acetoxy-5«-hydroxyergost-7-ene when shaken with 
hydrogen in acetic acid solution in the presence of Adams catalyst gave 38-acetoxy-5a-hydroxy- 
ergost-8(14)-ene in good yield. 7 

Reaction of 38-Acetoxy-5a : 8«-epidioxyergosta-6 : 9: 22-itriene with Perbenzoic Acid [Dr. 
D. H. R. Barton and Mr. G. F. Laws].—A solution of perbenzoic acid (1-5 equivs.) in chloro- 
form (290 c.c.) was added to the epidioxide (20 g.) in chloroform (800 c.c.), both solutions being 
at 0°. After the mixture had been kept at 0° for 70 hours, the steroid was isolated with chloro- 
form in the usual way. The product was chromatographed on alumina (400 g.; Savory and 
Moore): (i) elution with light petroleum—benzene (1:1) afforded 38-acetoxy-5a : 8a-epidioxy- 
222 : 23£-epoxyergosta-6 : 9-diene (0-2 g.), wedges (from methanol), m. p. 164—167°, [a], +95° 
(c, 2-0) (Found: C, 73-6; H, 9-0. (Cj ,H,,O, requires C, 74-35; H, 9-15%); (ii) elution with 
benzene gave the isomeric 22£ : 23£-epoxide (0-6 g.), needles (from methanol), m. p. 204—205°, 
[a] +79° (c, 2-2) (Found: C, 74-4; H, 9-5%). The two oxides showed a m. p. depression on 
admixture. For proof of structure, both epoxides were reduced to 7 : 9-dienes (cf. Windaus and 
Linsert, loc. cit.) : each epoxide (100 mg.) in propanol (10 c.c.) was heated under reflux with 
potassium hydroxide (0-9 g.) in propanol (15 c.c.) while zinc dust (2 g.) was added intermittently 
during 3 hours. The steroid was isolated with ether and reacetylated with acetic anhydride in 
pyridine at 20° overnight. Isolation with ether afforded the two (side chain) isomers of 
36-acetoxy-22& : 23&-epoxy-5a-hydroxvergosta-7 : 9-diene: (i) (from the epidioxide, m. p. 164— 
167°) crystallized from methanol as plates, m. p. 188—189°, [a], +52° (c, 2-1) (Found: C, 
76-5; H, 9-8. C3 9H,,O, requires C, 76-55; H, 9-85); light absorption, Max., 2430 A; « = 15,700; 
(ii) (from the epidioxide, m. p. 204—205°) crystallized from methanol as plates, m. p. 202—204°, 
[a]p +56° (c, 2-0) (Found: C, 77-1; H, 9-9%); light absorption, Max., 2430 A; e« = 13,500. 
No further crystalline material was obtained from the original chromatogram of the product from 
the perbenzoic acid reaction. 


The authors of this and the following two papers are greatly indebted to Glaxo Laboratories 
Ltd. for financial assistance (to P. B., B. J. L., G. S., and G. F. W.), and for gifts of materials. 
Two of the authors (C. W. G. and G. W. W.) thank the Department of Scientific and Industrial 
Research for maintenance grants, and one (R. B. C.) the Ministry of Education for a F.E.T.S. 
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954. Studies in the Steroid Group. Part LVII.* Side-chain 
Degradation of 38-Acetoxy-5« : 8«-epidioxyergosta-9 : 22-diene. 


By PETER BLapon, H. B. HENBEst, E. R. H. JONES, GEOFFREY W. Woop, and 
GILBERT F. Woops. 


Controlled ozonolysis of 3$-acetoxy-5a : 8a-epidioxyergosta-9 : 22-diene 
(1; R = Ac) afforded a mixture of the bisnorcholenaldehyde (II; R = Ac) 
and the bisnorcholenic acid (III; R= Ac; R’ =H). The aldehyde has 
been degraded via its enol acetate to the ketone (_V; R = Ac), which with 
zine and acetic acid gave the 7 : 9-diene (VII; R = Ac). 


From the experiments described in the present series of papers, there are indications that 
the order of reactivity of the ethylenic bonds in dehydroergosterol epidioxide and its esters 


* Part LVI, preceding paper. 
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is 6:7 > 22:23 > 9:11. Thus, as shown in the preceding paper, under mild conditions of 
hydrogenation dehydroergosteryl acetate epidioxide first gives the A®%:22-steroid (I; 
R = Ac) (“‘ dihydro-acetate ’’), in which it seemed possible that the double bond in the side 
chain could be oxidised selectively. 

The first experiments were carried out on the dihydro-acetate (I; R = Ac) and dihydro- 
benzoate (1; R = Bz) by adding a solution of ozone in ethyl acetate (a saturated solution 
at — 70°, the strength of which could be assessed independently) to a similar solution of the 
steroid. The blue colour of the ozone solution was very rapidly discharged during the 
addition, but after one equiv. of ozone had been consumed, further addition of ozone 
solution gave a pale blue reaction mixture, the colour persisting for at least a minute. These 


CHO 


wy 


RO OH ay RO OH” 
(VI) (111) (VII) 


titration experiments with solutions of ozone, together with the isolation of the bisnor- 
cholenaldehyde (II), indicated the superior reactivity of the 22 : 23-ethylenic bond in com- 
pounds of formule (I), and also afforded a very convenient method of carrying out con- 
trolled ozonolyses on small quantities of materials. In large-scale experiments, ozonized 
oxygen was passed into the steroid solution at —70° until a moderately permanent blue 
colour appeared. 

The ozonides were decomposed in various ways (see Experimental), the yields of alde- 
hyde being of the order of 35—50°%. The corresponding bisnorcholenic acid (III; R’ = H) 
could be isolated in each case in yields of about 10%. These acids were further charac- 
terized as their methyl esters, which were converted in good yield into 5«-hydroxy-7 : 9- 
dienes (VI) by the zinc—acetic acid reduction procedure described in the previous paper. 

Conditions for the conversion of the acetate-aldehyde (II; R = Ac) into its enol acetate 
(IV; R = Ac) were somewhat critical. Owing to the relative instability of the peroxide 
bridge the conditions employed by Bergmann and Stevens (J. Org. Chem., 1948, 13, 10) 
and by Heyl and Herr (J. Amer. Chem. Soc., 1950, 72, 2617) for similar conversions, were 
found to be too drastic. However, by working at 120—125°, by using potassium acetate as 
catalyst, and by limiting the quantity of acetic anhydride, the enol acetate (IV; R = Ac) 
was obtained in 60% yield. 

Ozonolysis of the enol acetate afforded the Cyp-keto-compound (V; R = Ac) in 30% 
yield. This ketone was readily converted into the diene (VII; R = Ac) by zinc and acetic 
acid. Further transformations of the above compounds containing degraded side-chains, 
in particular, experiments involving the introduction of oxygen at C,,,), will be described 
later. 


EXPERIMENTAL 
General experimental directions are given in the preceding paper. 


38-A cetoxy-5a : 8a-epidioxybisnorchol-9-en-22-al (II; R = Ac) and the Corresponding Acid 
(III; R = Ac, R’ = H).—A solution of 38-acetoxy-5a : 8a-epidioxyergosta-9 : 22-diene (3 g.) 
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in ethyl acetate was cooled to —70° and treated with a saturated (at —70°) solution of ozone in 
ethyl acetate until a faint blue colour persisted. Raney nickel (4 c.c. of thick sludge in ethyl 
acetate) was added and the mixture was heated under reflux until the solution no longer gave a 
blue colour with starch—potassium iodide paper (20—30 minutes). The solution, after filtration, 
was washed several times with 2% aqueous potassium hydroxide, then dried (Na,SO,) and 
evaporated. The residue was chromatographed in benzene-light petroleum (1:3) on de- 
activated alumina (100 g.). Elution with the same solvent mixture gave some material that 
was rejected (negative 2: 4-dinitrophenylhydrazine test). Elution with benzene (2 1.) gave 
material (1-4 g.), which on recrystallization from isopropyl ether gave the aldehyde (700 mg.), 
m. p. 180—185°; a second crop (200 mg.) had m. p. 173—177°. The pure aldehyde crystallized 
from isopropyl ether as plates, m. p. 190—195° (decomp.), [a], —13° (c, 0-76) (Found : C, 71-35; 
H, 8-6. C,,H,,0,; requires C, 71-6; H, 8-5%). It readily formed a yellow 2: 4-dinitrophenyl- 
hydrazone. 

The ozonide could also be decomposed (a) by heating it under reflux with water and a trace of 
Adams platinum oxide (to decompose hydrogen peroxide formed), (b) by shaking it with hydrogen 
(or bubbling hydrogen through) in the presence of reduced Adams catalyst, (c) by shaking it 
with aqueous ferrous sulphate solution, or (d) by shaking it with an aqueous solution containing 
potassium iodide and sodium thiosulphate (this solution is slightly alkaline and dissolves some 
of the bisnorcholenic acid which is thereby rendered difficult to recover). By none of these 
processes was the yield of the aldehyde substantially improved. 

Acidification of the alkaline washings precipitated crude 38-acetoxy-5« : 8«-bisnorchol-9-enic 
acid (200 mg.), which after recrystallization from aqueous acetone formed laths, m. p. 201—205° 
(decomp.), [«#]p —18° (c, 1-44). Ethereal diazomethane afforded methyl 38-acetoxy-5« : 8x- 
epidioxybisnorchol-9-enate, needles (from methanol), m. p. 171—175°, [«]) —13° (c, 1-11) (Found : 
C, 69-5; H, 8-45. C,,H,,O, requires C, 69-4; H, 8-4%). Hydrolysis of the ester with warm 
5% methanolic potassium hydroxide gave, after acidification, the parent hydroxy-acid, sparingly 
soluble in organic solvents. A suspension of the hydroxy-acid in dry ether was treated with 
diazomethane, affording methyl 5a : 8a-epidioxy-38-hydroxybisnorchol-9-enate (III; R =H, 
R’ = Me), needles (from methanol), m. p. 176—178°, [a]) — 26° (c, 0-91) (Found : C, 70-9; H, 9-0. 
C,,H,,0, requires C, 70-75; H, 8-8%). 

Methyl 38-Acetoxy-ia-hydroxybisnorchola-7 : 9-dienate (VI; R = Ac, R’ = Me).—Zinc dust 
(4 g.) was added in small portions to a hot solution of methyl 38-acetoxy-5a : 8«-epidioxybisnor- 
chol-9-enate (3 g.) in acetic acid (25 c.c.), the mixture then being heated under reflux for 10 
minutes. The steroid was isolated with ether; recrystallization from methanol afforded the 
diene (2-0 g.) as needles, m. p. 191—193°, [a], +69° (c, 1-16) (Found: C, 72-35; H, 8-9. 
C,;H3,O, requires C, 72-1; H, 8-7%). Light absorption: Max. 2430 A; ¢ = 15,300. The 
same compound was obtained, but in poorer yield, by hydrogenation of (III; R = Ac, R’ = 
Me) in ethyl acetate in the presence of Raney nickel. 

5a : 8a-Epidioxy-38-hydroxybisnorchol-9-ene-22-al (II; R = H).—A solution of 38-hydroxy- 
5a : 8a-epidioxyergosta-9 : 22-diene [prepared by hydrolysis of the acetate (1 g.)] in ethyl 
acetate (20 c.c.) was treated with ozone (1 mol.) at —70°. The solution was then added toa 
suspension of reduced hydrated platinic oxide (50 mg.) in ethyl acetate (25 c.c.) also at —70°, 
and a stream of hydrogen was passed through this mixture while it was allowed to warm to 20° 
and then until a, test with starch—potassium iodide indicated complete decomposition of the 
ozonide. The solution was extracted with 2% aqueous alkali; drying (Na,SO,) and evapor- 
ation of the ethyl acetate solution afforded a neutral fraction (665 mg.), which was introduced in 
benzene (20 c.c.) and chloroform (5 c.c.) on to a column of alumina (30 g.; deactivated with 5% 
of water). Elution with benzene—ether (4: 1) gave a fraction (290 mg.), which when recrystal- 
lized from isopropyl ether gave the hydroxy-aldehyde as blunt needles, m. p. 155—160°, [a], 

37-5° (c, 1-17) (Found: C, 73-0; H, 8-9. C,,.H 3,0, requires C, 73-3; H, 8-95%). 

Acetylation of this steroid with acetic anhydride—pyridine at 20° overnight gave the 3-acetate 
as blades (from isopropyl ether), m. p. 183—189° (undepressed on admixture with the material 
described above), fa 12° (c, 0-56). 

32-Benzoyloxy-i« : 8a-epidioxybisnorchol-9-en-22-al (II; R = Bz) and the Corresponding 
Acid (II1l; R = Bz, R’ = H).—A solution of 3$-benzoyloxy-5« : 8«-epidioxyergost-9 : 22-ene 
(600 mg.) in chloroform (25 c.c.) was cooled to —60°. A solution of ozone (1-1 mols.) (at 

70°) was then added. The rate at which the blue colour disappeared decreased as the addition 
proceeded; at the end the colour persisted for more than 2 minutes. The solution was warmed 
to 20°, Adams catalyst (70 mg.) then being added and the mixture shaken with hydrogen until 
1 mol. (33 c.c.) had been taken up. After filtration, the solvent was removed under reduced 
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pressure, and the residue (560 mg.) was chromatographed on deactivated alumina (60 g.). 
Elution with light petroleum—benzene (3:2) gave 38-benzoyloxy-5a : 8«-epidioxyergost- 
9(11)-ene (85 mg.) as needles, m. p. and mixed m. p. with an authentic sample, 191—192°, 
[x], —10° (c, 1-24), after crystallization from methanol. Elution with light petroleum—benzene 
(1 : 3) afforded the aldehyde, which crystallized from ethyl methyl ketone-light petroleum (b. p. 
80—100°) (1: 1) as platelets (210 mg.), m. p. 191—200°, [a], —12° (c, 1-62) (Found: C, 75-0; 
H, 7-75. C,H,,0, requires C, 74-95; H, 7-8%). Recrystallization of this aldehyde from 
methanol-ethyl methyl ketone containing a trace of mineral acid gave the dimethyl acetal as 
needles, m. p. 208—218°, [a], —6° (c, 0-70) (Found: C, 72-6; H, 8-25; OMe, 11-6. C,,H,,O, 
requires C, 72-9; H, 8-3; OMe, 12-1%). 

In another experiment, an ethereal solution of the material obtained by reduction of the 
ozonide was extracted with 2% aqueous potassium hydroxide. This extract was acidified and 
the organic acid isolated with ether. Recrystallization of the solid obtained by evaporation of 
the ether from dioxan-isopropyl ether (1:3) yielded 38-benzoyloxy-5a : 8x-epidioxybisnorchol- 
9(11)-enic acid as needles, m. p. 215—230°, [a]) —11-5° (c, 1-32) (Found: C, 71-85; H, 7-55. 
Cy,H,,0, requires C, 72-45; H, 7-55%). Ethereal diazomethane gave the methyl ester, needles 
{from methanol-ethyl methyl ketone (1: 1)], m. p. 232—237°, [a], —8° (c, 0-87) (Found: C, 
72:9; H, 7-95. C3 9H,,O, requires C, 72-85; H, 7-75%). 

Methyl 38-Benzoyloxy-5«-hydroxybisnorchola-7 : 9-dienate (VI; R = Bz, R’ = Me).—Zinc 
dust (750 mg.) was added in small portions to a solution of the foregoing ester (650 mg.) in acetic 
acid (15 c.c.) at 95°. The mixture was then heated under reflux for 15 minutes, and poured into 
water and the steroid isolated with ether. Recrystallization from acetone—methanol (1 : 1) 
afforded the diene benzoate as needles, m. p. 213-5—217°, [a], +55-5° (c, 0-83) (Found: C, 75-1; 
H, 8-3. C3,H ,O, requires C, 75-3; H, 80%). Light absorption: Max., 2340, 2730, and 2800 A; 
€ 26,500, 900, and 750 respectively. 

38 : 22-Diacetoxy-5a : 8x-epidioxybisnorchola-9 : 20(22)-diene (IV; R = Ac).—38-Acetoxy- 
5a : 8a-epidioxybisnorchol-9-en-22-al (8 g.), fused potassium acetate (2 g.), and redistilled 
acetic anhydride (40 c.c.) were heated at 120—125° (oil-bath temp.) for 6 hours. The reaction 
mixture was diluted with benzene and filtered. The solvent was removed by evaporation 
under reduced pressure, and the light brown residue was introduced in benzene (100 c.c.) and 
light petroleum (100 c.c.) on to a column of deactivated alumina (100 g.). Elution with 
benzene-light petroleum (1:1) and crystallization from methanol afforded crude enol acetate 
(4-7 g.), m. p. 162—165°. Further recrystallization from methanol yielded the pure enol acetate 
as platelets, m. p. 171—175°, [a]p —18° (c, 1-57) (Found: C, 70-15; H, 8-2. C,,H,,O, requires 
C, 70-25; H, 8-15%). ; 

38-Hydroxy- and 38-Acetoxy-5a : 8a-epidioxyallopregn-9-en-20-one (V; R H; and R 
Ac).—A solution of the enol acetate (7-5 g.) in ethyl. acetate (200 c.c.), cooled to —70°, was 
treated with a solution of ozone in ethyl acetate until a faint blue colour persisted. The 
solution was warmed to room temperature, and water (20 c.c.) and Adams catalyst (50 mg.) 
were added. The mixture was heated under reflux until it failed to give a blue colour with 
starch—potassium iodide. The cooled solution was extracted once with 2% aqueous potassium 
hydroxide; acidification of the alkaline washings gave no precipitate. The neutral fraction 
obtained by evaporation of the dried ethyl acetate solution was chromatographed in benzene on 
alumina (200 g.). The first benzene eluate (700 c.c.) afforded a gum (1-29 g.) which was 
saponified with potassium hydroxide (500 g.) in methanol (20 c.c.) at room temperature 
overnight. Dilution with water and isolation with ether gave solid (1-2 g.), which on crystallis- 
ation from methanol gave 5a : 8a-epidioxy-36-hydroxyallopregn-9-en-20-one (520 mg.), m. p. 225° 
which after further crystallisation from methanol formed needles, m. p. 217—-227° (decomp.), 
a%}p +24° (c, 0-38) (Found: C, 73-05; H, 8-55. C,,H3,0, requires C, 72-8; H, 8-75%). The 
second benzene eluate (3000 c.c.) gave a solid residue (1-9 g.) on evaporation, which afforded 
36-acetoxy-5a : 8a-epidioxyallopregn-9-en-20-one (1-3 g.), m. p. 175—179°, on recrystallisation 
from methanol. The pure material formed plates, m. p. 175—177°, [a]p +43° (c, 0-57) (Found : 
C, 70-9; H, 8-45. (C,;H;,O, requires C, 71:1; H, 83%). The infra-red spectrum in CS, 
showed peaks at 1708 cm.-! (Ci95, ketone), and at 1737 cm. (acetate group) (cf. Jones ef al., 
J. Amer. Chem, Soc., 1948, 70, 2024). 

38 : 5a-Dihydroxyallopregna-7 : 9-dien-20-one (VIL; R = H).—dZinc dust (1 g.) was added in 
small portions to 5a : 8a-epidioxy-3$-hydroxyallopregn-9-en-20-one (520 mg.) in acetic acid 
(15 c.c.) at the b.p. After 10 minutes’ refluxing, the zinc was filtered off, water added, and the 
steroid isolated with ether. Recrystallisation of the solid product from methanol-isopropyl 
ether gave 38: 5a-dihydroxyallopregna-7 : 9-dien-20-one as needles, m. p. 169—172°, [a]p 
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+ 59-7° (c, 1-04) (Found: C, 76-35; H, 9-15. C,,H,,O, requires C, 76-3; H, 9-15%). Light 
absorption: Max., 2430A, ¢ = 18,600; inflexion, 2370—2380 A, ¢ = 16,500. The above 
compound with acetic anhydride and pyridine at room temperature gave the 3-acetate, m. p. 
182-5—183-5°, [a]p +95° (c, 0-68) (Found: C, 74:1; H, 8-8. (C,,H;,0, requires C, 74-15; 
H, 865%). Light absorption: Max., 2420 A, « = 17,000; inflexion 2350 A, e = 15,600. 
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955. Studies in the Steroid Group. Part LVIII.* Oxidation 
of 5a: 8a-Epidioxy-A™-steroids. 


By H. B. HEeNnBest, E. R. H. JONES, GEOFFREY W. Woop, and GILBERT F. 
Woobs. 


The 9:1l-ethylenic linkage in 3-acetoxy-5« : 8«-epidioxyergost - 
9(11)-ene (I) is shown to be rather unreactive towards oxidizing agents. 
However, a 9: 1l-epoxide and a 9: 11-diol have been prepared, albeit in 
moderate yields. Oxidation with chromic acid results in attack at the 12- 
position, affording a 12-keto-5« : 8x-epidioxy-A®™’-compound; its some- 
what unusual light absorption is discussed. 


ISOLATED 9: 11-ethylenic linkages are moderately reactive, being converted, for instance, 
into 9a: lla-epoxides by perbenzoic acid (inter al., Djerassi, Martinez, and Rosenkranz, 
J. Org. Chem., 1951, 16, 1278). As part of a study of the reactions of this bond in steroids 
containing also a 5a : 8a-epidioxide bridge, the oxidation of 38-acetoxy-5« : 8«-epidioxyer- 
gost-9(11)-ene (I) (cf. J., 1952, 4883) has been investigated. 

Reaction between (I) and perbenzoic acid was very slow; chromatography of the 
product afforded a 9« : 11«-epoxide (II) (the configuration being assumed by analogy with 
previous work on the oxidation of A®%7-steroids, and also from consideration of molecular 
models), together with much starting material. Peracetic acid also reacted slowly, to give 
a low yield of the same product, but permonophthalic acid gave very little of the 9: 11- 
epoxide. 


CoH yy , CoH iy 


(% \% 2? 
| Ov} 
ed 4 Fs Fs Nol / \ 
AcO (V) AcO (III) (IV) 


Hydroxylation of the 9:11l-bond in (I) was next studied. No reaction took place 
between (I) and osmium tetroxide in ether—pyridine even after several weeks at 20°. Like- 
wise potassium permanganate in acetone effected little reaction, but potassium per- 
manganate in acetic acid gave a mixture from which were isolated the 9: 11-diol (III) 
(probably 9x: 1lla-dihydroxy), and the 12-keto compound (IV), the latter also being 


* Part LVII, preceding paper. 
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produced by chromic acid in acetic acid. The 9: 11-diol afforded a 3 : 11-diacetate (V), its 
ready formation indicating the 1l«-configuration of the hydroxyl group. 

Attempted addition of hypobromous acid to the 9: 11-bond in (I) with N-bromo- 
acetamide and dilute mineral acid gave a good yield of the 12-bromo-compound (VI). The 
configuration of the bromine substituent is probably «, since attack is likely to take place 
from the (less hindered) rear [cf. formation of 7«-bromo-A®*-steroids (Greenhalgh, Henbest, 
and Jones, J., 1952, 2380)], and there will be less steric interference between the C;,,) 
methyl group and a 12«-bromine atom. The structure of the bromo-compound was 
proved by conversion into a 12-formoxy-compound, readily oxidized to the 12-keto- 
compound (IV). The allylic character of the bromine atom was confirmed by the ready 
formation of silver halide on treatment with alcoholic silver nitrate, but it was obvious from 
its reaction with formate ion that the bromine atom in (VI) is markedly less reactive than 
those in the structurally related 7a-bromo-A5-compounds (Henbest and Jones, J., 1948, 
1792, 1798). 

The main ultra-violet absorption band exhibited by the 12-keto-compound (IV) was at 
2320 A, i.e., at an appreciably shorter wave-length than those (2400 A) recorded previously 
for 12-keto-A®7)-steroids (inter al., Fieser, Rajagopalan, Wilson, and Tishler, ]. Amer. 
Chem. Soc., 1951, 73, 4133; Mueller, Stobaugh, and Winniford, tb7d., p. 2400). This dis- 
placement must be connected with the presence of the oxygen substituent at Cg) and there 
is some evidence that y-oxygen substituents in «$-unsaturated ketones cause displacements 
Of Amax, to shorter wave-lengths. Thus Ehrenstein and Stevens (J. Org. Chem., 1940, 5, 
318) report that a 6-acetoxy-3-keto-A‘-steroid shows Amax. 2320 A, in contrast to 3-keto-A‘- 
steroids with Amax, 2410 A (both in ethanol solution). As further examples the conjugated 
dienones 3-hydroxy-8-ionone (Amax. 2870 A) and 8-ionone (Amax. 2960 A) may be quoted (Hen- 
best, J., 1951, 1074). However, both 11-hydroxy-7-keto-A®®-steroids and 7-keto-A%*®- 
steroids absorb maximally at the same wave-length, 2540 A (cf. Fieser, Herz, and Huang, 
J. Amer. Chem. Soc., 1951, 73, 2397 ; Stork, Romo, Rosenkranz, and Djerassi, ibid., p. 3546 ; 
Djerassi, Mancera, Stork, and Rosenkranz, tbid., p. 4499), and further work is obviously 
required to establish relations between the structures and spectra of such pairs of compounds, 

It is believed that the unreactivity of the double bond in (I) is due mainly to the hin- 
drance imposed by the 5a : 8a-epidioxide bridge towards reagents attacking from the rear 
of the molecule. Examination of models shows that the epidioxide group projects from 
ring B (which is in the boat form), thus partly covering the approach to the 9 : 11-bond. 


EXPERIMENTAL 


General experimental directions are given in Part LVI. 

38 -Acetoxy-5a : 8x-epidioxy-9a: lla-epoxyergostane (II1).—38-Acetoxy -5a : 8a-epidioxy- 
ergost-9-ene (300 mg.) and perbenzoic acid (1-2 mols.) in chloroform (15 c.c.) were kept at 0° 
for 4 days. After being washed with dilute sodium carbonate solution the mixture was evapor- 
ated under reduced pressure and the residue (315 mg.) was chromatographed on deactivated 
alumina (60 g.). Elution with light petroleum—benzene (3 : 2) gave starting material (220 mg.), 
but elution with light petroleum—benzene (1:3) gave, after recrystallization from aqueous 
acetone, the 9: ll-epoxide (35 mg.) as needles, m. p. 206—210°, [a], —73° (c, 0-67) (Found : 
C, 73-65; H, 9-75. Cy9H,,O,; requires C, 73-7; H, 9-9%). Peracetic acid at 50° affords this 
9 : 11-oxide in similar yield. 

38-A cetoxy-5a : 8a-epidioxy-12-ketoergost-9-ene (IV).—Chromic acid (0-45 g.) in acetic acid (7 
c.c.) was added to 38-acetoxy-5a : 8%-epidioxyergost-9-ene (0-3 g.) dissolved in warm acetic acid 
(7 c.c.). The mixture was heated on a steam-bath for 30 minutes and the product, isolated with 
ether, was chromatographed in light petroleum on deactivated alumina (60 g.). Elution with 
light petroleum—benzene (4: 1) gave gum; elution with light petroleum—benzene (1: 1) gave a 
gelatinous solid. Recrystallization of this from methanol afforded a gel, which after being 
kept at 0° overnight had crystallized to give the 12-keto-compound (75 mg.) as small rhombs, 
m. p. 185—192°, [a], +12° (c, 0-60) (Found: C, 73-85; H, 9-6. C,,H,,O, requires C, 74-0; 
H, 95%). Light absorption: Max., 2320 and 3150 A; ¢ = 12,450 and 100 respectively. 

Alkaline hydrolysis gave 5a : 8a-epidioxy-38-hydroxy-12-keto-ergost-9-ene, platelets (from 
methanol), m. p. 184—188-5°, [a], —5° (c, 0-79) (Found: C, 75:3; H, 10-0. C,,H,,O, requires 
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C, 75-6; H, 10-0%). Light absorption: Max. 2325 and 3180 A; e¢ = 13,800 and 85 respec- 
tively. Infra-red spectrum (in Nujol): 1678 cm.-' (C—O stretching); 1640 cm. (C—C 
stretching). 

Oxidation of 38-Acetoxy-5x : 8a-epidioxyergost-9-ene with Permanganate.—Potassium per- 
manganate (6 g.) in water (40 c.c.) and acetic acid (350 c.c.) was added during 10 minutes to a 
solution of 36-acetoxy-5a : 8a-epidioxyergost-9-ene (10-5 g.) in acetic acid (200 c.c.), decoloriz- 
ation being almost immediate. After 45 minutes at 20°, the mixture was poured into water, 
and the steroid isolated with ether. The total product was chromatographed on alumina 
(1 kg.) from benzene, development with benzene giving unchanged starting material (ca. 2-5 g.), 
followed by 3-acetoxy-5a : 8x-epidioxy-12-ketoergost-9-ene (3-5 g.) (IV), m. p. and mixed 
m p. 186—192°, [a], +13° (c, 1-15), after recrystallization from methanol. Elution with ether— 
methanol (3: 1) gave a pasty solid, which after further chromatography on deactivated alumina 
gave almost pure 9: 11-diol (1-45 g.), m. p. 212—214°. Recrystallization from isopropyl 
ether—dioxan (2: 1) gave 38-acetoxy-5a : 8a-epidioxy-9« : 1la-dihydroxyergostane (III) as needles, 
m. p. 213—215°, [a], —58° (c, 0-70) (Found: C, 71-0; H, 9-8. C,,H,;,O, requires C, 71-1; 
H, 995%). With acetic anhydride and pyridine at 20° overnight the diol gave 38 : 1la«-diacetoxy- 
5a : 8x-epidioxy-9a-hydroxyergostane (V) as needles (from methanol), m. p. 216—223°, [a], —4° 
(c, 0-24) (Found: C, 70-0; H, 9-5. C,,H,;,0, requires C, 70-2; H, 9-2%). 

38-A cetoxy-12«-bromo-5a : 8u-epidioxyergost-9-ene (VI).—38-Acetoxy-5« : 8x-epidioxyergost- 
9-ene (1 g.) was dissolved in fert.-butanol (40 c.c.), 0-4N-sulphuric acid (10 c.c.), and the minimum 
quantity of ether. N-Bromoacetamide (700 mg.) was added with stirring. The resulting 
yellow solution was kept at 20° for 24 hours, during which the bromo-compound (700 mg.) had 
separated as needles, m. p. 170—171° [a further quantity (200 mg.) of less pure material was 
obtained from the mother-liquor by ether]. Recrystallization from ethyl acetate—methanol gave 
the bromo-compound as needles, m. p. 178—179° (decomp.), [«]) +104° (c, 1-14) (Found: C, 
65-75; H, 8-4; Br, 14-5. C,,H,,O,Br requires C, 65-3; H, 8-6; Br, 14.5%). The same 
compound was obtained by employing N-bromosuccinimide with or without the presence of 
sulphuric acid. ; 

38-A cetoxy-5a : 8a-epidioxy-12«-formoxyergost-9-ene.—Solutions of the foregoing bromo- 
compound (500 mg.) in dioxan (10 c.c.) and of anhydrous sodium formate (500 mg.) in formic 
acid (5 c.c.) were mixed, and heated at 80° for 4 hours, after which the solution was kept at 20° 
overnight. The steroid was isolated with ether; recrystallization from ethyl acetate—methanol 
yielded laths (340 mg.), m. p. 165—168°. Further recrystallization from the same solvent 
mixture gave the pure formoxy-compound, m. p. 169—170°, [a], +123° (c, 1-88) (Found: 
C, 71 85; H, 9-5. C3,H,,O, requires C, 72-05; H, 9-35%). 

38-Acetoxy-5a : 8a-epidioxy-12-ketoergost-9-ene.—The formoxy-compound (220 mg.) in acetic 
acid (4 c.c.) was treated with a solution of chromic acid (65 mg.) in acetic acid (10 c.c.). The 
solution was warmed at 50° for 4 hours and then kept at 20° overnight. Isolation with ether 
yielded a solid, which was passed in benzene through a short column of alumina (10 g.) (elution 
with benzene). Recrystallization from ethanol afforded the 12-keto-compound m. p. 174—185 
undepressed with a sample prepared as described above, [x], + 20° (c, 1-20). Light absorption : 
Max., 2310 A; ¢ = 10,100. 
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956. The Molecular Configuration of Liquid n-Aliphatic 
Homologues. 


By S. A. MUMFORD. 


A critical review of the literature indicates that certain of the physical 
parameters of the liquid n-alkanes exhibit a marked discontinuity in the 
vicinity of the C,, term, the magnitude of functions depending primarily on 
intermolecular forces (e.g., those derived from viscosity, vapour pressure, 
etc.) being less, and that of molecular volume functions greater, for the 
higher members of the series, than would be estimated by extrapolation 
from the data for the lower terms. This discontinuity is correlated with the 
intersection of the «-f. p. and $-m. p. curves which occurs in the same region, 
and it is shown that whilst the lower liquid alkanes, with ‘‘ normal ”’ molecular 
volume and intermolecular force increments, crystallise or tend to crystallise 
initially in the “ tilted ’’-chain 8-form, those above C,,, with larger molecular 
volume and smaller intermolecular force increments, set to the vertical- 
chain «-form, in which the molecules occupy a larger cross-sectional area and 
have greater mobility. 

This and other evidence is interpreted as indicating that whilst the 
molecules in the higher liquid alkanes have an «-(/vans-)configuration, and 
consist of rigid rotating planar zig-zag CH, chains as in the a-crystals to which 
they set, those in the lower liquid alkanes have a helical $-(approx. cis-)- 
configuration, derived by rotating each C-C link of the a-chain through an 
angle of 56° to the trans-position, the helix uncoiling on crystallisation to give 
the “ tilted ’’-chain 6-crystals. Such a difference in configuration is shown to 
be capable of accounting for the difference between the lower and higher 
alkanes in respect of variation of physical properties with chain length 

Extension of similar ideas to other liquid aliphatic homologues is shown 
to be consistent with the viscosity and freezing-point data available. 

The implications of the basic hypothesis are briefly discussed in the light 
of current views on liquid structure. 


In considering the physical properties of liquid aliphatic homologues, it is customary 
to assume that, after initial irregularities, accepted as inevitable “‘ first-term anomalies,’’ 
the properties under standard conditions of succeeding members of a series vary 
progressively and regularly with increase in chain length. Graphical demonstration 
that the properties of a particular compound fall on smooth curves drawn through those of 
its lower and higher homologues has, indeed, been commonly used as a check on the purity 
of compounds, and some ingenuity has been expended in developing equations to 
reproduce the variation of certain such properties with chain length. When, however, 
large-scale plots of this variation are made from the most reliable data, it is difficult to 
avoid the conclusion that the curves obtained are not, in some instances, continuous, but 
appear to be made up of two not quite coincident curves superimposed upon one another 
and intersecting in the vicinity of the C,, term. Systematic examination of the matter 
shows that the corresponding curves for a number of derived functions, particularly those 
depending on intermolecular forces, exhibit an even more marked change in direction at 
or about C,.,, and the primary purpose of this paper is to review briefly the evidence pointing 
to the existence of such a discontinuity in the m-alkane series, and to examine its 
implications from the point of view of molecular structure. 

As far as practicable, the functions selected for examination have been those which, for 
the lower members of the series, are known to vary approximately linearly with increasing 
chain length. It has therefore been possible to draw the graphs illustrating the 
discontinuity in this variation as pairs of intersecting straight lines, though it is appreciated 
that on general theoretical grounds rigorous linearity throughout is not to be expected, 
and that the change in slope will probably take place over a range of terms rather than at 


a ‘‘ point of intersection.’’ The paucity and scatter of the data for the higher alkanes, 
14L 
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moreover, make it difficult in certain instances to locate the latter ‘‘ point ’’ with any 
precision, but since the balance of evidence indicates that the change in slope occurs at or 
close to C,¢, it is referred to below as the ‘‘ hexadecyl discontinuity,’’ and the figures have 
been drawn on this basis throughout. 


The Hexadecyl Discontinuity in the n-Alkane Series. 


Intermolecular Force Functions.—Viscosity is one of the more important properties 
depending on the intermolecular forces in liquids. For normal liquids the variation of 
dynamic viscosity (4) with temperature (7° kK) is, to a first approximation, expressible by an 
equation of the Arrhenius type : 

log y = B/T — A pA in Pee eer ato. ae 


When log y is plotted against 1/7 for the various n-paraffins, a series of approximately 
straight lines, of gradually increasing slope, is obtained, and from an examination of the 
equations fitting these lines Linke (Z. phystkal. Chem., 1940, 187, A, 227) and Kierstead 
and Turkevich (J. Chem. Phys., 1944, 12, 24) concluded that the constants A and B were 
linear functions of the chain length (cf. also the considerations advanced by Pospekhov, 
J. Appl. Chem., U.S.S.R., 1950, 28, 170). 

The data employed by these authors, were, however, confined for the most part to 
alkanes below C,,. More recently, measurements have been reported of the viscosities of 
a number of higher paraffins by Schmidt, Schoeller, and Eberlein (Ber., 1941, 74, 1313), 
Schiessler et al. (Proc. Amer. Petrol. Inst., 1946, 26, III, 254), Nederbragt and Boelhouwer 
(Physica, 1947, 13, 305), Mazee (Rec. Trav. chim., 1948, 67, 197), and Doolittle and Paterson 
(J. Amer. Chem. Soc., 1951, 73, 2145). Values have been calculated from these for the 
constants A and B over the temperature range 20° (or m. p., whichever is higher) to 100°, 
and these, together with similarly calculated constants from previously available data, 
have been plotted against », the number of carbon atoms in the chain, in Fig. la. The 
plot appears to indicate unequivocally that the approximate linearity of the variation 
exhibits in both cases a sharp discontinuity at the C,, term. Below this point the 
increments per carbon atom of the constants A and B are 0-042 and 43, whereas above 
it they drop to 0-012 and 19-5, respectively. For a given paraffin both constants vary 
somewhat according to the temperature range considered, particularly in the vicinity of 
the freezing point, and the change in slope in Fig. la may be due in part to the smaller and 
higher temperature range covered with the higher paraffins. Such variations, however, do 
not of themselves account for the discontinuity : it persists when values calculated from 
the uniform and restricted temperature range of 7)—90° are employed, and is indeed even 
more marked when the data of Nederbragt and Boelhouwer and of Doolittle and Paterson 
for hydrocarbons above C,, are used for calculation of the constants over temperature 
ranges as wide and as far removed from the relevant melting points as is 20—100° in the 
case of the lower paraffins. 

In an analogous plot, from somewhat limited data, of dH, the heat of activation for 
viscous flow calculated from the slope of the (log y)-1/T line, Kauzmann and Eyring 
(J. Amer. Chem. Soc., 1940, 62, 3113; cf. Barrer, Trans. Faraday Soc., 1943, 39, 48) drew a 
continuous curve showing concavity towards the m-axis, and interpreted this apparent 
trend towards a limiting value as supporting the view that viscous flow took place by chain 
segments, the heat of activation tending to a maximum value when these comprised 20— 
25 atoms. It seems evident from Fig. la, however, that the curve is discontinuous and 
made up of two intersecting approximately linear portions, so that any interpretation 
based on assumed continuity would appear to be of doubtful validity. 

Similar evidence of discontinuity is afforded by the variation of the parameter C of 
Batchinski’s equation (Z. physikal. Chem., 1913, 84, 643) relating viscosity to free space : 


Pe ewig. ce acta: al 2 ee 


in which 7 and V are the viscosity and molecular volume respectively of a liquid at a given 
temperature, and C and are constants, the former being considered by Batchinski to be 
related to the attraction constant a, and the latter, the limiting molecular volume, to the 
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volume 6, of the van der Waals equation of state. Values of C have been calculated from 
available data for the n-paraffins. A plot of log C against » (Fig. 1b) resembles the 
B-n plot in consisting of two approximately straight lines intersecting at about C,,, the 
slope being 0-074 per carbon atom below, and 0-036 per carbon atom above, this point. 

It being borne in mind that B in equation (1) and log C in equation (2) are measures of 
the strength of the intermolecular field, the conclusion appears inevitable that the molecules 


Fic. 1. Intermolecular force functions in n-alkane series : viscosity and vapour-pressure functions. 
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of the higher members of the series are subjected to smaller intermolecular forces than 
would be estimated by extrapolation from the values for lower members. 

If this is so, other functions depending primarily on intermolecular forces should 
exhibit an analogous discontinuity, and in view of the known parallelism between fluidity 
and volatility, it would be expected that the vapour pressures of the higher liquid paraffins 
would be greater, and their boiling points under a given pressure (7,° kK) correspondingly 
lower, than estimated by extrapolation. To examine this point, use has been made of 
the linear relation 

(3) 
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originally put forward by Boggio-Lera (Gazzetta, 1899, 29, 441) and shown to hold for 
aliphatic series in general by Aten (J. Chem. Phys., 1937, 5, 260: cf. also the ‘‘ Siedezahlen ’’ 
of Klages, Ber., 1943, 76, 788). Data for the boiling points of the »-paraffins at 3 and 
15 mm. pressure taken from Stull’s compilation (Ind. Eng. Chem., 1947, 39, 517) and 
supplemented by the more recent data of Mazee and Schiessler et al. for higher alkanes 
have been plotted on this basis in Fig. lc. It is apparent that both lines show a 
discontinuity at about C,., the boiling points of higher members of the series increasing 
more slowly with increasing chain length than do those of the lower members. 

The intimate connection between heat of activation for viscous flow and heat of 
vaporisation (cf. Eyring, loc. cit.; Nissan, Clark, and Nash, J. Inst. Petrol., 1940, 26, 155) 


Fic. 2. Intermolecular force functions in n-alkane series: surface-tension, etc., functions. 
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makes it probable that the discontinuity noted above with the former would be apparent 
also with the latter. Estimation of heat of vaporisation in the usual way from the two- 
term equation 

FY @) f) a a a ee es ee 


where # is the vapour pressure (in mm.) at T° K, involves in effect determination of the 
slope of the (log ~)-1/T plot. Any such differentially deduced function is necessarily 
very susceptible to inaccuracies in the experimental observations, and in the present 
connection these may be considerable if a simple distillation technique is employed. Some 
scatter of data is therefore to be expected, and is in fact apparent in the B’ values which 
have been calculated from the observations recorded in the literature for the boiling points 
of the m-paraffins over the pressure range 1—40 mm. Nevertheless, a plot of these values 
against chain length (Fig. 1d) shows close similarity to the corresponding B-» curve, the 
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points for terms above C,, falling progressively below the line drawn through those for 
lower members of the series. 

A further property depending ultimately on intermolecular forces is surface tension, and 
in conformity with the general picture presented above, the values of the surface tension of 
the n-alkanes at 70° (cf. Vogel, J., 1946, 133) when plotted against log (m — 3) following 
Wiener’s empirical relation (J. Phys. Chem., 1948, 52, 1082) give a straight line up ton = 16, 
while the few available points for higher members, C,, and Cg, (Schenck and Kintzinger, 
Rec. Trav. chim., 1923, 42, 759), Cygg (Adam, Phil. Mag., 1929, 8, 539), Cs, (Hunten and 
Maass, J. Amer. Chem. Soc., 1929, 51, 153), and C,, (Waterman, Leendertse, and 
van Krevelen, J. Inst. Petrol., 1939, 25, 801) fall progressively below this line (curve not 
reproduced). 

So too with yo, the surface tension at absolute zero in the equation 


yugeG~ Tig’. 2 U8 A we 
which has been shown by Ferguson (Phil. Mag., 1916, 31, 37; cf. Trans. Faraday Soc., 


1936, 32, 1474) and Sugden (/J., 1924, 125, 32) to express the variation of surface tension over 
a wide temperature range, and also with the constant K in the well-known Eétvés-Ramsay-— 
Shields equation : 


” ett | On, a | 


in which y is the surface tension and V the molecular volume at T° kK, and 7, is the critical 
temperature. 

The mean values of yp, interpreted by Sugden (J., 1924, 125, 1167) as measures of the 
total surface energies of different liquids at corresponding temperatures, have been plotted 
against in Fig. 2a, from which, despite the scatter and paucity of the data, it would appear 
that the approximately linear increase of yp with » is not maintained above n = 16. 

The values of K, plotted against » (Fig. 25), show a similar discontinuity at C,,. From 
C, to C,,, K increases with chain length according to the equation 


K = 2-135 + 0-091(n — 5) a ae ea 


but the values for higher members are lower than would be estimated by extrapolation of 
this line. The approximate constancy of the Eétvés constant K at 2-12, originally 
postulated from measurements on a limited number of normal liquids of comparatively 
low molecular weight, has long been accepted as being without general significance 
(cf. Bennett, J., 1924, 125, 958), and many instances of higher values for liquids of greater 
molecular weight have been recorded. Assuming surface orientation of molecules, Adam 
(loc. cit.) indicated that with increasing chain length K will increase with x?/*, where x is 
the ratio of molecular length to cross-section. On this basis, the decrease above C,. of the 
increment of K per carbon atom would connote a smaller chain-length increment, and/or 
a larger molecular cross-section above this point. 

The values for the critical temperature 7, estimated by means of equations (5) and. (6) 
are in general agreement despite their independent differential deduction. A plot of the 
mean 7, values against m gives a curve of shape suggesting linearity between 1/7, and 
1/n, and this has been confirmed by plotting 10°n/7, against m (Fig. 2c). Here again, 
the linearity of the plot does not extend to terms above C,,, the 10°n/T, values for which 
are low. For these terms, therefore, the calculated 7, values are higher than would be 
expected by extrapolation. This, in effect, has been noted previously by Katz and 
Saltman (Ind. Eng. Chem., 1939, 31, 91), who found that a straight line was obtained by 
plotting values of y against 7/7, for the m-alkane series, but that the points for Cygg, Cgp, 
and Cg fell well below this line. This they attributed either to a decrease of y in the case 
of these long-chain compounds, or to incorrect extrapolation of T,. 

For other properties of the alkanes depending primarily on intermolecular forces, the 
available data are not sufficiently extensive for a comprehensive survey to be made, but 
two further indications of discontinuity at C,, may be noted. First, Kemp and Peters’s 
finding (Ind. Eng. Chem., 1943, 35, 1108) that the plot against chain length of the quotient 
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log relative viscosity) /(concentration) for m-paraffin solutions in hexane and other solvents) 
is linear above C,, but deviates negatively below this point. Second, the circumstance 
that the aniline points reported by Schiessler et al. (loc. cit.; cf. also Tilucheev and 
Kachmarchik, ]. Gen. Chem. U.S.S.R., 1951, 21, 78) for alkanes above hexadecane, when 
plotted against chain length, fall progressively below the line drawn through the values for 
the lower members of the series (Fig. 2d). 

Molecular Volume Functions.—Since molecular volume includes both the volume 
actually occupied by the molecules, and a spatial envelope round each, the magnitude of 


Fic. 3. Molecular volume functions in n-alkane series : differences between observed and calculated values. 
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which is determined by the intermolecular forces, the discontinuity noted above in functions 
depending primarily on the latter would be expected to be apparent also in molecular 
volume functions, though in the opposite direction and to a smaller extent, since, other 
things being equal, a considerable decrease in intermolecular forces will connote only a 
slight increase in intermolecular distance, and hence in apparent molecular volume. The 
molecular volume increment for alkanes above C,, would therefore be expected to be 
somewhat greater than for the lower members of the series, and this is in fact found to be 
the case. 

When the molecular volumes (V = M/D) of the n-alkanes at a given temperature are 
plotted against chain length, the curves appear to display slight convexity towards the 
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n-axis—a circumstance reflected in the attempts which have been made to derive quadratic 
equations of the type V = a + bn + c/n to fit. Except for the early terms, however, 
where high vapour pressures introduce complications, the observed molecular volumes 
are linear with » up to C,, according to the equations 


V 59 = 35°78 + 16-52) : 
V «9 = 38-86 + 16-67n/ ee er ee oe 


but the values for higher members of the series lie progressively above these lines and fit 
equations of steeper slope : 


V 32-35 + 16-75n) 
50 pt ie Ce ol ee 
V9 = 35-42 + 16-91nJ 


This is clearly shown in Fig. 3a, in which the differences V (observed) minus V (calculated 
from equations 8) are plotted against m, the lines showing definite discontinuity at 
about C,,. 

Similar evidence is afforded by the parachor, [P] = My1/*/(D — d), which is interpreted 
by Sugden (j., 1924, 125, 1177) as a measure of molecular volume under conditions of 
similar internal pressure. The circumstance that the observed parachors of long-chain 
compounds are greater than predicted by summation of atomic and structural constants 
derived from short-chain compounds has long been recognised, and is exemplified by the 
somewhat meagre data available for the higher alkanes. The CH, increment does not, 
however, increase progressively with chain length (cf. Gibling, J., 1941, 299, 304) but 
remains constant at 40 units up to C,,, above which point it increases to ca. 41-15 units. 
This discontinuity is evident from Fig. 3, in which the differences [P] obs. minus [P] calc. 
from the constants given by Mumford and Phillips (J., 1929, 2112; 1950, 75), 14.e., 
[P] calc. = 30-8 + 40n, are plotted against chain length for the »-parafiin series. 

The discontinuity is also apparent in molecular volume extrapolated to absolute zero, 
i.e., Sugden’s “‘ zero volume ’’ Vg = M/D, (J., 1927, 1786) derived from the relation 


(D—d) = Dil —T/Tjy*. ....-. «ss 


The best equation fitting mean values of V, calculated from available density data for the 
n-alkanes from C, to Cy, is Vg = 16-0 + 14-33n, whereas the values for higher members of 
the series, despite some scatter, lie consistently and progressively above this line (Fig. 3c). 

With limiting volumes, , derived from Batchinski’s viscosity relation (equation 2), the 
scatter of the mean values is greater and such that, while not inconsistent with the existence 
of a C,,-discontinuity, the values could be expressed within the limits of observational 
error by a single linear relation throughout (Fig. 3d). 

Comparable data for refractive indices of the n-alkanes are somewhat meagre, but on 
using the nj? values observed by Muller and Pilat (J. Jnst. Petrol., 1935, 21, 887), McKittrick, 
Henriques, and Wolff (ibid., 1937, 23, 616), Schmidt, Schoeller, and Eberlein (loc. cit.), and 
Mazee (loc. cit.) for the higher members of the series, and mean extrapolated literature 
values for the lower terms, molecular refractions, Rz, computed by the Lorentz—Lorenz 
formula, appear to be linear with chain length throughout the series (Fig. 3e). As R, is 
fundamentally a measure of bond polarisability and not strictly a molecular volume, the 
absence of discontinuity is not, perhaps, unexpected. 

From equations (8) and (9) it can be calculated that the coefficients of expansion between 
50° and 70° of the higher liquid alkanes are progressively greater than would be estimated 
by extrapolation from the data for the lower members of the series. It would therefore be 
expected that their specific heats, C,, over the same temperature range would be corre- 
spondingly greater, and this in fact appears to be the case from a comparison of the data of 
Garner, van Bibber, and King (J., 1931, 1533), Spaght, Thomas, and Parks (J. Phys. Chem., 
1932, 36, 882), and Mazee (loc. cit.) for a number of the higher alkanes, with values 
extrapolated from the observations of Parks et al. (J. Amer. Chem. Soc., 1930, 52, 1032; 
1931, 53, 3876) and Osborne and Ginnings (J. Res. Nat. Bur. Stand., 1947, 39, 453) for the 
lower members of the series. This is shown in Fig. 3/, in which the differences between 
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observed molecular heats (50—70°) and values calculated from the equation M C,= 
4-2 + 7-4n cal. are plotted against chain length. 

The whole of the available evidence from the physical characteristics of the liquid 
n-alkanes would thus appear to be in accord with the inference that there is a discontinuity 
in properties in the vicinity of the C,, term, the molecules of higher members of the series 
being subjected to smaller intermolecular forces and occupying a larger volume than would 
be expected by extrapolation from the values for lower members. 


The Freezing Points of the n-Alkanes. 


A fundamental discontinuity of this nature would be expected to be reflected in some 
way in the freezing points of the liquid alkanes, and it does not seem unreasonable to 
connect it with the intersection of the «- and $-m. p. curves for the series, which occurs in 
approximately the same region (cf. Gray, J. Inst. Petrol., 1943, 29, 226; Phillips and 
Mumford, /J., 1934, 1657). The phase transformations of the paraffins are somewhat 
complex, but from the present aspect the salient features may be summarised as follows. 

Both even and odd paraffins from C,, upwards crystallise, without supercooling 
(Mazee), in the soft, transparent a-form, which according to X-ray investigation consists 
of hexagonally-packed rotating planar zig-zag molecules with their axes vertical to the 
terminal planes (cf. Miiller, Proc. Roy. Soc., 1930, 127, A, 417; 1932, 138, A, 514). This 
form is metastable in the case of octadecane, and changes monotropically into a higher- 
melting opaque $-form on storage (Smith, J., 1932, 737). With the C,, and Cy. hydro- 
carbons the «-— §-transition occurs a few degrees below the «-f. p. and has only been 
observed on cooling, though Seyer, Patterson, and Keays (J. Amer. Chem. Soc., 1944, 66, 
179) note indications that the reverse transition takes place if the heating is slow enough. 
In the §-form the X-ray “‘ long-spacing ’’ is shorter than in the «-, ascribed to tilting of the 
axes of the CH, chains with respect to the terminal planes, and the molecules are non- 
rotating (Miiller, loc. cit.; Piper et al., Biochem. J., 1931, 25, 2072; cf. Miiller and Lonsdale, 
Acta Cryst., 1948, 1, 129). The «-— 6-transition is accompanied by evolution of heat 
(Mazee) and contraction in volume (Seyer). The odd alkanes above C,, show no «- —> 8- 
transition, the crystals exhibiting the vertical ‘‘ long-spacing’’ down to liquid-air 
temperature. In common with the even members above C,,, however, they undergo 
reversible conversion a few degrees below the f. p. to an orthorhombic vertical non- 
rotating («’) form (Miiller). 

The a-f. p.s, T7,° K, when plotted against chain length, , lie on a smooth curve (Fig. 4a) 
to reproduce which various modifications of an equation of the type T,(m +c) = an + 6 
have been proposed, amongst them : 


T,, = 396-4 — 1659/(n — 1), t.e., T,(n — 1) = 396-4n — 2055-4 (Gray, loc. cit.). 

le (0-6085n — 1-75)/(0-001491n + 0-00404), i.e., T,(n + 2-71) 408-1n — 1174 
(Garner, van Bibber, and King, loc. cit.). 

T, = 414-5M/(M + 94-4), 2.e., T,(n + 6-88) = 414-5n + 59-7 (Etassam and Sawyer, 
J. Inst. Petrol., 1939, 25, 253)]. 

1/7, = 0-002395 + 0-0171/n, t.e., T,(n + 7-14) = 417-5n (Mayer and van der Wyk, 
Helv. Chim. Acta, 1937, 20, 1313)]. 


The first of these represents an attempt to deduce from theoretical considerations the 
variation of 7, with chain length, and the last two were derived from literature data for 
all the alkanes from Cyy to C9, and thus ignore the circumstance that from about Cy 
upwards the non-rotating «’-modification appears to be the stable form at the f. p. (cf. Gray ; 
Miiller ; Seyer, doce. cit.). If the «-f. p.s for C,, to Cy alone are considered, as was done by 
Garner, the equation best fitting the most reliable recent data is 


T,( + 2-5) = 404-6n — 11201 . 2. 2... (II) 


which reproduces the observed «-f. p.s of the n-alkanes from C47 to Cy to within +0°3°. 
At the lower end of the series, both odd and even paraffins from C, to Cg crystallise, 
without supercooling (Shepard, Hanne, and Midgley, J. Amer. Chem. Soc., 1931, 58, 1948; 
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Smittenberg, Hoog, and Henkes, 1bid., 1938, 60, 17), in the 8-form, and the crystals show the 
“tilted ’’ long-spacing down to the temperature of liquid air (Miiller). The §-f. p.s 
(T° K) exhibit the alternation attributed by Malkin (Nature, 1931, 127, 126) to the tilted- 
chain structure, those of the odd members being only slightly higher than those of the 
preceding even members. For the latter, the equation 


T,( + 3-4) = 308n —7194 . . . . . . . (12) 


reproduces the §-f. p.s of m-hexane and octane, and the $-m. p. of n-octadecane. 
As regards the n-alkanes between C,, and C,, Smith (loc. cit.) found that m-hexadecane 
tends to crystallise in the «-form (¢, = 16-2°) but that this is too unstable to exist except 


Fic. 4. Temperatures and heats of crystallisation and transition : n-alkanes. 





tT T 7 a t ' ' T 


a.F.p.and transition temperatures 


g 
: 
$ 
Q 
§ 
8 
s 
Ss 
ey) 
Go 
5 
s 
s 
S 
8 
Q 
w& 


b. Heats of 
crystal/lisation 


(270u /'702) worqwsijj0ZShs2 JO $Z0A1 


Qa: a&-form 


Qs: (B-form 
o-form+transition 


40 





i 


== J 
25 30 35 40 45 50 
Chain length, n 








in the presence of a small amount of higher homologue, and the higher-melting 
8-modification (¢g = 18-13°) is normally obtained after slight supercooling. The 
observations that the crystals show no transition on cooling (Seyer) and exhibit only the 
shorter ‘‘ long-spacing ’’ (Miiller) are in accord with this. The a-f. p. and 8-m. p. are 
reproduced to within 0-2° by equations (11) and (12), respectively. 

With the Cy, Cy,, and C,, hydrocarbons, according to the data of Mair (J. Res. Nat. 
Bur. Stand., 1932, 9, 457), Parks et al. (J. Amer. Chem. Soc., 1931, 58, 3876; 1934, 56, 1511), 
Ubbelohde (Trans. Faraday Soc., 1938, 34, 282), and Schiessler e¢ al. (loc. cit.), the respective 
setting and melting points are identical, and there is no evidence of supercooling, or of 
transition in the solid. The f. p.s are precisely reproduced by equation (12). It is clear 
that the crystalline form is the $-modification, and with n-decane this has been confirmed 
by X-ray examination (Miiller). 

Few data are available for the C,,, Cys, and C,, paraffins. The recorded m. p.s agree 
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well with values calculated by equation (11), and for C,, and C,, Miiller found that the 
crystals exhibited only the vertical “‘ long-spacing ’’ from room to liquid-air temperature. 
The endothermic transitions observed when the crystals are heated to within a few degrees 
of melting must therefore refer to the «’ > «-conversion. For C,, Ubbelohde records an 
f. p. somewhat lower than the m. p., and the same is generally true of recorded values for 
the other two, so that by analogy with the reverse phenomena in the case of Cy, and C4g, it 
is possible that the C,,, Cys, and C,, liquids tend to set initially in the $-form, which, 
however, changes spontaneously to a higher-melting stable «-form. 

With -nonane, Parks (loc. cit.) recorded a transition just below the f. p., similar to that 
found with undecane, but the more recent work of Smittenberg e? al. (loc. cit.) has not 
confirmed this. The latter find that it crystallises without supercooling, and that the 
f. p. and m. p. are identical. Since Miiller observed only the shorter “‘ long-spacing,’’ it 
is clear that m-nonane normally crystallises in the $-form. 

These data are plotted against chain length in Fig. 4a, from which it is evident that 
their explanation lies in the intersection of the «-f. p. curve with the odd $-m. p. curve in 
the vicinity of the C, term, and with the even $-m. p. curve about the Cy) term. Below 
C,, the “‘ tilted ’’ chain $-form initially crystallises or tends to crystallise. This is stable 
with the even members, but with the odd is only stable up to C,; from C,, to C,, it changes 
spontaneously to the higher-melting «-form. Above C,,, on the other hand, the reverse 
holds. The vertical, rotating chain «-form first crystallises out, and this is stable with the 
odd members : with the even, it is metastable with C,, and C,,, changing monotropically to 
the higher melting $-form, whilst in the case of Cy and Cy, it is the stable form at the f. p. 
but undergoes a transition to the 8-form a few degrees lower. With the odd paraffins from 
C,, upwards, and the even parathns from C,, upwards, the position is complicated by the 
incidence of the vertical non-rotating «’-form into which the «-form changes enantiotropic- 
ally a few degrees below the f. p. 

In view of the known influence of rate of cooling and presence of impurity in retarding 
or inhibiting transitions in the solid state (see Smith, doc. cit.; Crowe and Smyth, J. Amer. 
Chem. Soc., 1950, 72, 1098; cf. also Miiller’s observation that with C,, and Cy, both vertical 
and tilted spacings persist side by side from room to liquid-air temperature), it is not 
surprising that the data recorded for the heats of crystallisation and transition of the 
n-alkanes exhibit some scatter. They are nevertheless generally consistent with the 
conclusions drawn above, as is apparent from Fig. 4), in which Q4, the observed heats of 
crystallisation of the a-form of the higher alkanes, and Qz, the observed heats of 
crystallisation of the $-crystallising lower alkanes (C,; to C,) and the total (Q4 plus heat of 
transition) for the higher alkanes, are plotted against chain length, in both instances giving 
approximately linear plots (a double plot, even > odd, in the case of gz). It will be seen 
that the heats of fusion recorded by Parks for Cy, Cy, and C,, fall on the Qg (even) line, 
consistently with their $-structure. So also does the value given by Ubbelohde for the 
heat of fusion of pure hexadecane, though that of a less pure (and hence probaby 
a-crystallising) specimen falls on the Q4 line. For C,, and C,,; the data of Parks and 
Ubbelohde respectively (in the latter case estimated from the specific-heat curve given in 
the paper) for the heats of fusion of the forms stable at the m. p. fall on the extrapolated 
Q. line, whereas the total heats of fusion (7.e., including heat of transition) lie near the 
Q, line. The latter line is, of course, composite, since the included heat of transition refers 
in some cases to the «— 6-, and in others to the «— «’-transition. The circumstance 
that the precision of existing data is inadequate to differentiate between the two is of 
interest in indicating that the major process in both instances is the transition from rotating 
to non-rotating forms, and that the energy difference between the vertical and “ tilted ’’ 
chain structures fer se is small in comparison. 


The Configuration of n-Alkane Chains. 

From the point of view of the hexadecyl! discontinuity in physical properties, the most 
interesting and important aspect of the f. p. data considered in the preceding section is that, 
whereas the liquid alkanes below C,,, with ‘‘normal’’ molecular-volume and 
intermolecular-force increments, crystallise or tend to crystallise initially in the $-form, 
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those above C,,, with their larger molecular-volume and smaller intermolecular-force 
increments, set to the «-form, in which the molecules occupy a larger cross-sectional area 
and have greater mobility (cf. King and Garner, J., 1934, 1449; 1936, 1368). Assuming 
on the basis of modern theories that the liquid alkanes have a quasi-crystalline structure, 
with the axes of neighbouring molecules approximately parallel, and that the absence of 
supercooling implies that the structure of the liquid at the solidification point is 
fundamentally similar to that of the crystals initially produced, we infer that the inter- 
and intra-molecular arrangement in liquid paraffins above C,, must be essentially the 
same as that obtaining in «-crystals, but the same as that in $-crystals in the case of lower 
members of the series. 

There is no difficulty about the first part of this inference. Miiller, Seyer, and others 
have in fact indicated that the molecules in the higher liquid alkanes must be regarded as 
hexagonally-packed rigid zig-zag rotators as in the «-crystals, the difference between the 
two phases being that the molecules in the liquid are further apart and their terminal groups 
no longer in one plane. The latter part presents greater difficulty. On the basis of their 
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shorter X-ray “‘ long-spacing *’ and mono- or tri-clinic mode of crystallisation, it is generally 
accepted that in $-crystals the molecules are in the same planar zig-zag form, but with the 
chains non-rotating and their axes tilted with respect to the planes containing the terminal 
groups. It would be expected, however, that such a structure would melt to a liquid 
identical with the «-liquid postulated above, since non-rotation and tilt have no significance 
for molecules in the liquid phase. The alternative, as originally considered by Miiller 
but rejected as unlikely, is to assume that the shortened “‘ long-spacing ’’ implies an 
alteration in chain structure involving a reduction in length as compared with the planar 
zig-zag arrangement. This would of course explain the X-ray observations on $-crystals, 
and the concomitant modification of cross-sectional dimensions and intramolecular arrange- 
ment could conceivably account for the different molecular-volume and intermolecular- 
force increments found in the 6§-liquids of the alkanes below C,,. 

If this were so, it is clear from the evidence presented above that in the liquid phase the 
two chain configurations must be such as to satisfy the relations indicated in the idealised 
diagrams of Fig. 5, the intermolecular forces in the 8-form being less in the case of small 
molecules, but increasing more rapidly with chain length, than in the «-, whilst the reverse 
holds for molecular volume. 

The observed approximate linearity of both molecular volume and intermolecular force 
functions with chain length makes it probable that in the §-liquids, as in the «-: (i) One 
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molecular species is predominantly present: it is unlikely that a mixture containing 
substantial proportions of different rotational isomers would have the same composition 
for all liquid alkanes below C,, over a range of temperatures. (ii) The molecules are 
linearly extended and approximately parallel: the molecular volume of coiled molecules 
resulting from free rotation about the carbon links would increase approximately as the 
3/2 power of n (cf. Taylor, J. Chem. Phys., 1948, 16, 257). (iii) The carbon chain lengthens 
regularly : this excludes arrangements such as the sinusoidal \_“ \. chain which 
would give alternating increments. 

The simplest type of structure satisfying these conditions is one derived by twisting a 
zig-zag into a loose helix by rotation of each C-C link through an angle 6 to the ¢rans- 
position. It can be shown that with such a helix, each C-C link contributes an increment 
of length, /, along the axis given by 


‘. “ 2cos?a A 
“s [ >— ae eas | - Ae Re ee 


and that the centre of each carbon atom is situated at a distance, 7, from the axis given by 
r = L cos «/[2 — sin®a (1 — cos 6)] - « + + oe 


where L is the length of the C-C link (1-54 A), and « is half the tetrahedral valency angle, 
t.e., 54° 44’. 

In the case of the planar zig-zag chain of the «-form, where 6 = 0, and therefore 
(1 — cos) = 0, these reduce to] = L sin a = 1-257 A, andr = 4L cos « = 0-445 A. For 
the §-form, X-ray ‘“‘long-spacing’’ data give a mean increment of 1-20 A. The 
applicability of this to the molecules in 6-liquids being assumed, substitution in 
equation (13) indicates that the angle of rotation required to form a helix having a length 
increment of this magnitude is about 56°, the proximity of which to 60°, the angle between 
the trans- and neighbouring cis-positions, may be significant. 

In such a helix, the number of links, x, per revolution round the axis is given by 


cos 360/x = sin®«(l — cos 6) — 1 a oo 


For the postulated $-helix, therefore, where 6 = 56°, x = 2-667 = 8/3, 1.e., the helix 
repeats after 8 C-C links and 3 axial revolutions, the links, projected on to a plane normal 
to the axis, forming the | : 4 chords of a regular octahedron. 

Each plane containing the centres of three successive carbon atoms in the helical 
chain is inclined at an angle ¢ to a plane normal to the axis given by sin ¢ = //(L sin a), 
so that for the 6-helix, 6 = 72° 40’. This holds equally, of course, for the three end atoms 
of the helical chain, so that if the molecules of $-crystals were in such a form, Malkin’s 
explanation of the alternation of long-spacing and of m. p. in such crystals as due to chain 
tilt would still apply. 

Whether in fact the hydrocarbon chains in §-crystals have this helical structure seems 
doubtful in view of the crystallographic evidence. With the liquids, despite the similarity 
of the immediate environment of each carbon atom in the two types of chain, it would be 
expected that the difference between them would be indicated by precision molecular 
spectra measurements. So far as can be traced, however, few relevant observations appear 
to have been made, apart from that of Rosenbaum (J. Chem. Phys., 1941, 9, 295), who 
noted that in the Raman spectrum of liquid -eicosane the low-lying lines (<800 cm.) 
were few in number and diffuse, compared with those in the spectra of liquid octane, decane, 
and hexadecane. This, which he attributed to decrease in the number of co-existing 
rotational isomers, could presumably be equally indicative of a molecular configuration 
other than the ¢vans-zig-zag one in the lower liquid alkanes. It is difficult, however, to 
account on this basis for the somewhat similar difference observed between the Raman 
spectra of the liquid and solid 8-crystallising paraffins below C,,, which is again interpreted 
as indicating the presence of various rotational isomers in the liquids, but only one, 
presumed to be the ¢rans-zig-zag form, in the solids (Okazaki, ]. Chem. Soc. Japan, 1942, 
63, 1255, 1500; Sheppard and Szasz, J. Chem. Phys., 1949, 17, 86; Rank and Axford, 
ibid., p. 430; cf. also Ubbelohde and McCoubrey, Discuss. Faraday Soc., 1951, No. 10, 94). 
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If it is assumed that the latter is correct, and that the existence of a tilted planar 
zig-zag, as opposed to a helical, chain in $-alkane crystals is confirmed, it must be inferred 
from the evidence presented above that, whilst the molecules of the lower paraffins have a 
helical $-configuration in the liquid, this uncoils to a planar zig-zag on crystallisation. The 
inclination to the axis of the terminal 3-carbon group would then account for, and in fact 
determine, the tilt of the chain in the crystal. The circumstance that 6-crystals show two 
unequal ‘‘ side-spacings’’ on X-ray examination would appear to support this, for the 
non-rotating helical $-chain, unlike the non-rotating a-chain, would be symmetrical and 
expected to exhibit one “‘ side-spacing ’’ only. 

The cross-sectional areas of the space occupied by the rotating «- and $-molecules in the 
liquid phase are not very different. From the molecular volume relation 


Mol. wt. 
(Area in A®) (Length in A) x 10°74 = ewe) 


: x (Mass of H atom, 7.e., 1-662 « 10°°4 
Density amanle ” 


4.6., (Area) x (Length) = 1-662 (Mol. vol.) . . . . . (16) 
it is clear that for each carbon atom added 
(Area) x (A Length) = 1-662 (4 Mol. vol.) she ed 


From the increments of chain length given above, and the molecular-volume increments 
given in equations (8) and (9), the cross-sectional areas occupied by the «- and $-forms at 
50° c are therefore 1-662 x 16°75/1-257 = 22-15, and 1-662 x 16-52/1-202 = 22-84 A?, 
respectively. Parallel molecules hexagonally packed being assumed, the separation of 
the axes of neighbouring chains at 50° (= 2(Area)//3) is thus 5-057 and 5-136 A in the 
two cases. 

Warren (Phys. Review, 1933, 44, 969) on this basis showed that Stewart’s X-ray 
diffraction data (ibid., 1928, 31, 174) for the liquid n-paraffins from C,; to C,,; could be 
satisfactorily accounted for by assuming the planar zig-zag configuration, the main peak in 
the diffraction angle curves corresponding to a concentration of scattering matter at a 
distance approximating to the lateral distance between chain axes: compare also the 
similar deduction by Pierce (J. Chem. Phys., 1935, 3, 252) from Katzoff’s data (ibid., 1934, 
2, 841) for the X-ray scattering of liquid n-heptane. Consideration of this radial 
distribution method of calculation suggests, however, that if the molecules were in the 
helical $-configuration, the slight increase of interaxial distance involved and the 
concomitant re-arrangement of carbon atoms round the axes would not materially alter 
the calculated position of the “‘ concentration of scattering matter’’ and hence of the 
diffraction peak. It seems doubtful, therefore, whether agreement between observation 
and calculation can be taken as evidence favouring one chain configuration in preference 
to another, but only as indicative of the presence of parallel and hexagonally-packed linearly 
extended molecules. 

From the geometry of the generalised carbon chain discussed above, it can be shown that 
if the hydrogen atoms are attached at the tetrahedral angle, the distance, s, of the centres 
of the hydrogen atoms from the axis of the chain is given by 


s* = (HI/L)?+(r+Hcosa)® ..... . (18) 


where H is the length of the C—H link (= 1-09 A) and the other symbols are as previously 
used. This, on evaluation, gives s = 1-395 for the a-, and 1-431 A for the 8-configuration. 
If, therefore, the radius of the hydrogen atom is taken as (H — L/2) = 1-09 — 0-77 = 
0-32 A, the radii (R) of the cylinders of revolution of the «- and $-chains are 1-715 and 
1-751 A, and the cross-sections of these cylinders 9-24 and 9-632 A2, respectively. The 
volume increments per C-C link are thus 9-24 x 1-257 = 11-615 A® for the «-, and 
9-632 x 1-202 = 11-577 A® for the 8-chain. 

So far as the ends of the alkane molecules are concerned, employment of H in place of 
L in equation (13) shows that the distance parallel to the chain axis from the centre of the 
terminal carbon atom to the centre of the attached terminal hydrogen atom is 0-89 A in 
the case of the «-, and 0-851 A in the $-chain; so that the axial distances, Y, from the 
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terminal carbon atom centre to the outer surface of the end hydrogen atom (a radius of 
(0-32 A being assumed for the latter) are 1-21 and 1-171 A, respectively. The ends of the 
axially rotating molecules will thus approximate to segments of a sphere of radius R and 
height Y, and the volume of each will be «Y(R? — Y?/3), i.e., 9-325 A® for the a- and 
9-598 A for the 8-form. 

The theoretical equations for the variation of dimensions with chain length in the two 
cases are therefore as follows : 


a-Form (planar zig-zag) B-Form (octagonal helix) 
-202(" 1) 


1? 9-632 
1-577 1) 


Chain length, A 2-42 + 1-257(m — 1) 2-342 l 
Cross-section, A?, of rotating chain aw < 1-715? = 9-24 a x 1-75 
Volume of rotating chain, A 18-65 + 11-615(m — 1) 19-196 + 1 


The volume equations are in full agreement with the observational requirement that 
the initial value should be higher and the increment less with the 8- than with the «-form 
(see Fig. 5b). Simultaneous solution of the equations for the two forms indicates in fact 
that the lines intersect at m = 15-4, as compared with the observed intersection in the 
vicinity of the C,, point. The agreement suggests that intramolecular configuratio. is 
closely bound up with spatial considerations, the molecules of the liquid »-paraffins 
adopting the «- or the $-configuration according to which possesses the greater volume. 

Since the radii of the cross-sectional areas occupied by the axially rotating «- and 
8-molecules in the liquid phase are not very dissimilar, the marked difference in inter- 
molecular-force increments noted above cannot be ascribed primarily to difference in 
molecular separation. In the case of the »-paraffins, these forces arise from the transient 
dipoles of the London dispersion effect, and might be expected to depend to some extent on 
the configuration of the chain, since this determines the relative positions of nuclei and 
electrons within the molecule. It may, therefore, be significant in this connection that the 
carbon atoms are nearer the outer surface of the rotating molecule in the §- (0-46 A) than 
in the a-chain (0-5 A). A small difference of this magnitude in the location of the transient 
dipoles within the molecule would appear to be of the right order to account for the observed 
difference of force strength at the surface; since the attractive force varies inversely as the 
7th power of the distance (as indicated by differentiation of the London potential energy 
of interaction equation), the ratio of the intermolecular forces 8: would be 
1/0-467 : 1/0-57 = 1-8: 1, compared with the observed 2 : | ratio of the viscosity parameter 
increments. In addition, the force per C-C link would be concentrated over a somewhat 
smaller surface area (= 2xR/) in the case of the rotating $-molecule (13-22 A?) than with 
the a- (13-55 A?). 

Little can be said about the interactions at the ends of the molecules, but since the 
terminal planar area [x(R? — Q?)] over which the axial intermolecular force is spread is 
materially larger with the $-molecule (5-33 A?) than with the «- (4-64 A®), it might be 
expected that the terminal intermolecular forces would be less with the former. 
Qualitatively at least, therefore, the helical $-configuration would appear to be in accord 
with the observational requirement that the intermolecular forces are less in the case of 
small molecules, but increase more rapidly with chain length, with the 6- than with the 
a-liquid alkanes (see Fig. 5a). 

The energy relations between the «- and $-forms should be revealing, but the somewhat 
scanty data available do not permit of any detailed consideration of the matter. The heat 
evolved on transition from the «- to the $-form in the solid phase arises primarily, as 
indicated in the previous section, from cessation of rotation of the molecules in that phase, 
and affords no indication of the difference in energy content of the «- and $-configurations 
in the liquid phase. If this difference is of the low order estimated by Sheppard and 
Szasz (loc. cit.) for the energy difference between the rotational isomers inferred from 
Raman spectra in the lower liquid paraffins (ca. 500 cal./mol.), it is not surpising that the 
heat-capacity determinations by Parks and his co-workers (loc. cit.) led them to conclude 
that the molar entropies of the n-alkanes in the liquid state at 25° increased regularly with 
chain length from C, to C,,. 

With alkanes in the vicinity of the discontinuity at C,,, the energy contents of the «- 
and §-liquids near the m. p. will clearly not be very different, and some interconversion 
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of the two forms might be expected to occur in the liquid phase to give equilibrium mixtures 
of maximum entropy. The change in slope of the various parameter-—chain length curves 
in this region will therefore tend to be in the nature of a gradual transition rather than a 
‘‘ point of intersection,’’ as is indeed apparent from the data plotted in certain of the 
figures. In the case of the C,,, C3, and C,, paraffins on the one hand, and the Cy, C,,, and 
Cy9 paraffins on the other, where, owing to the crossing of the «- and @-f. p. curves, the form 
stable in the solid at the m. p. differs from that stable in the liquid and in the initially 
setting solid, interconversion must occur either on melting or on subsequent heating of the 
melt. The observed temperature dependence of certain of the parameters of the liquid 
in the vicinity of the m. p. may be indicative of some interconversion taking place in the 
liquid phase, but the absence of any marked discontinuity suggests that the transition 
from one form to the other occurs mainly on melting, and that the relatively small energy 
change involved is unnoticeably included in the much greater heat of fusion. 

With regard to the third (“‘ C ’’) modification observed by Piper et al. (loc. cit.) in X-ray 
examination of the even paraffins from Cy, to Cs,, this form, observed only in specimens 
prepared by crystallisation from solvents, is characterised by still shorter ‘‘ long-spacings ’ 
than the 8-, and hence presumably by larger tilt of the molecular axis. By extension of 
the hypothesis now presented, it seems possible that under certain conditions in the freer 
environment of solution, tighter coiling of the helical chain may occur. By analogy, the 
helix presumably uncoils on crystallisation from solution as on solidification from the 
liquid melt, though it may be noted that certain features of the optical properties of such 
crystals have been interpreted as indicating the presence in them of “ spiral ’’ chains 
(Hack, Phys. Review, 1937, 51, 686; Hubbard, Amer. Min., 1945, 30, 645). 


Other Homologous Series. 


If the correlations noted in the preceding sections for the m-alkane series are valid, they 
must clearly be equally applicable, mutatis mutandis, to other homologous series of liquid 
aliphatic compounds. Data for the latter are somewhat meagre, but a preliminary survey 
appears to indicate that they are not inconsistent with the basic hypothesis advanced above. 
For such a survey, use has been made primarily of the intermolecular force parameter, 
log C, from equation (2), the approximately linear increments of which per CH, group in 
the n-alkane series have been shown above to change markedly in magnitude at about 
n = 16, corresponding with the change of chain configuration in the liquid phase 
(Alog C/An = 0-036 for «, 0-074 for $8). The applicability of these values to other 
homologous series being assumed, they have been used diagnostically to deduce the type 
of chain configuration present in the relevant liquids, and an attempt has been made to 
correlate any apparent changes in this configuration with differences in structure of the 
solids crystallising out at the freezing point. 

Values of log C have been calculated from available viscosity data for hydrocarbons of 
the 2-methyl-, l-phenyl-, 1-cyclohexyl-, and 1-cyclopentyl-alkane and A!-n-alkene series; 
n-alkyl chlorides, bromides, and iodides; the methyl to m-octyl esters of the n-aliphatic 
acids; the ethyl alkyl and dialkyl ethers; methyl alkyl ketones; n-alkyl sulphides and 
n-alkanethiols; and n-alkyl cyanides. Plots (not reproduced) of these values against the 
length, », of the alkyl chain, show that : 

(1) In all the above series, the slope of the log C-» plot for the lower terms approximates 
closely to that of the corresponding plot for the m-alkane series up to m = ca. 16, 
the inference being therefore that, as in the latter, the molecules in the liquids have the 
helical $-configuration. 

(2) With the hydrocarbon series, the few points available for higher terms fall 
progressively below the extrapolation of the above lines, but the data are not sufficiently 
extensive or consistent to indicate conclusively either the precise points of inflexion or the 
slopes of the upper parts of the curves. In general, however, the latter are consistent with 
the assumption that they approximate to the slope of the m-alkane curve above C,,, and 
that the liquid molecules are therefore in the planar zig-zag a-form. Crystallographic 
confirmation of the existence of this «-form at the freezing point is only available for the 
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2-methylalkane series (Stallberg-Stenhagen and Stenhagen, J. Biol. Chem., 1948, 173, 383) 
but the observations by Krafft (Ber., 1886, 19, 2982) and Sherk, Augur, and Soffer (J. Amer. 
Chem. Soc., 1945, 67, 2239) on the dimorphism of hexadecyl-, octadecyl-, and eicosyl- 
benzenes are relevant in this connection. 

(3) With the ethyl estets, C,H,,,,°CO,Et, the log C—n plot shows a discontinuity at 
about » = 13 (myristate), the slope above this point being that characteristic in the alkane 
series of the planar zig-zag «-configuration. This agrees well with the recorded data on 
the freezing points and polymorphism of these esters, those below the myristate having 
been shown to crystallise when pure in the $-form, whereas above the myristate they tend 
to crystallise initially in the a-form, which is the stable form at the m. p. above ethyl 
pentadecanoate in the odd series, and above ethyl behenate in theeven series (cf. Malkin, 
loc. cit., 1931; Smith, J., 1931, 802; 1933, 635; Mumford and Phillips, Rec. Trav. chim., 
1933, 52, 175, 181; J., 1934, 1657; Meyer and Reid, J. Amer. Chem. Soc., 1933, 55, 1574; 
van Bellinghen, Bull. Soc. chim. Belg., 1938, 47, 640). 

No viscosity data appear to be available for the higher terms of the other series, and it 
is not therefore possible to check whether the log C-» plot exhibits a change of slope in the 
case of the higher halides, ketones, and nitriles, where the existence of «-forms has been 
demonstrated from crystallographic or freezing-point studies. 

The validity of extending this method of approach to the n-aliphatic alcohols and acids 
is problematical in view of the circumstance that their log C values vary appreciably 
according to the temperature range involved, presumably owing to changing association. 
Elimination of this variable as far as possible by restricting consideration to values derived 
from measurements at 70—90° suggests, however, that in the alcohol series a change of 
slope of the log C-n plot occurs somewhere between Cg, and C,, [compare the finding by 
Malkin (J. Amer. Chem. Soc., 1930, 52, 3739) and by Wilson and Ott (J. Chem. Phys., 1934, 
2, 231) that the alcohols from C,, upwards crystallise initially in the vertical «-form], 
whereas in the m-aliphatic acid series the log C values appear to be approximately 
linear with » from butyric to stearic, within the limits of experimental error, with a slope 
Alog C/An of ca. 0-081 [compare the crystallographic observation by Piper e¢ al. (J., 1926, 
2310; Trans. Faraday Soc., 1929, 25, 348; J. Amer. Chem. Soc., 1939, 61, 577) that the 
fatty acids in this range exhibit a “‘ tilted ’’ long-spacing at their m. p.s]. 

Although, therefore, the correlation is incomplete, the evidence at present available 
appears to be generally consistent with the view that in non-associated aliphatic homologous 
series the intermolecular-force increment, as measured by the slope of the log C—n plot, and 
the form of the crystals to which the liquids initially set, are both determined by the chain 
configuration of the liquid molecules; the planar zig-zag «-configuration corresponding to 
Alog C/An = 0-036 and the « vertical-chain crystals observed in the longer-chain compounds 
of many series, and the helical $-configuration with Alog C/An = 0-074 and the @ “‘ tilted ”’ 
chain crystals normal to the lower members of most aliphatic series. 


Discussion. 


From the arguments advanced in the first three sections of this paper it seems clear 
that the hexadecyl discontinuity in the physical properties of the liquid n-alkanes connotes 
a difference in molecular configuration which can be rationally explained by the hypothesis 
that above C,, the molecules in the liquid are in the planar zig-zag «-(trans-)form, whilst 
below C,, the chain configuration is that of an octagonal $-(approx. cts-)helix in which 
each C-C link of the zig-zag chain has been rotated through an angle of 56° to the trans- 
position. The survey summarised in the last section shows further that extension of 
similar ideas to other homologous series is consistent with the available viscosity and 
f. p. data. 

The correlation which this hypothesis affords of the variation with chain length of the 
physical properties of liquid aliphatic homologues, their freezing points, polymorphism, 
and crystal structure, is per se strong presumptive evidence of its validity, but it carries 
with it certain important implications which must not be overlooked. 

It implies in the first place that there is no free rotation about C-C links in the liquid 
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molecules, the latter adopting an extended and more or less rigid linear chain structure 
which persists, despite thermal vibration, over a fairly wide temperature range. 

It means, secondly, that there are two preferred rotational orientations about the 
C-C link, one («) in which contiguous links are in the planar frans-position, the other (8) 
in which they approximate to the adjacent cis-position, with the second C-C link rotated 
through an angle of 56° to the trans-position. The factors determining this preference of 
position are obscure, but it would appear to involve some re-adjustment of orbitals, since 
the preference is passed on from atom to atom, the same positioning being followed by 
successive links throughout the molecular chain. 

Thirdly, as an extension of the accepted dogma that the physical properties of a liquid 
depend on the configuration of its molecules, it implies that, in the case of the alkanes at 
least, the configuration adopted is closely bound up with, if not in fact determined by, 
spatial and intermolecular-force considerations, the stable form being that in which the 
molecule occupies the greater space and gives rise to the smaller intermolecular forces 
(cf. Fig. 5). 

Fourthly, in conformity with modern ideas of liquid structure, it implies that in liquid 
aliphatic homologues the axially rotating cylindrical molecules, each in its van der Waals 
envelope of free space, are approximately parallel, and closely (hexagonally) packed. 

Fifthly, it subscribes to the present day view that when a liquid crystallises without 
supercooling it does so in a crystal structure corresponding in molecular arrangement to 
that in the liquid; and as a corollary suggests that the tilt of the “‘ tilted '’ chain crystals 
of the lower members of homologous series arises from uncoiling of the helical §-molecule. 

Certain of these implications involve somewhat novel concepts which do not appear to 
be entirely in accord with current trends of thought, and until they have been submitted 
to more detailed theoretical and experimental examination it would be premature to 
consider any of the obvious and varied consequences of the basic hypothesis. On a 
practical point of detail, however, it is evident from the data reviewed above, that in 
considering molecular volume and intermolecular force functions in series of liquid aliphatic 
homologues, atomic and structural constants derived from the lower terms of a series must 
not necessarily be expected to apply additively to the higher members. 

FARLEY, WILTs. [Received, June 16th, 1952.) 
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By C. A. Bunton, E. A. HALEvi, and D. R. LLEWELLYN. 


The exchange of oxygen atoms between nitric acid and water has 
been followed by using heavy oxygen as an isotopic tracer. At low acid 
concentrations the reaction is highly dependent upon “ nitrous acid,’’ but 
at higher nitric acid concentrations a reaction is observed in the absence of 
‘nitrous acid.’”’ The reaction rate increases rapidly with increasing 
concentration of nitric acid. The mechanism of this exchange is discussed 
in detail in Part II (following paper). 


THE exchange of oxygen atoms between inorganic oxy-acids and water has frequently 
been observed qualitatively by the use of 180. We now report the results of a study of 
the exchange of oxygen between nitric acid and water. The exchange has been followed 
over a range of nitric acid concentration, with the object of comparing, where possible, 
the rates of isotopic exchange with those of aromatic nitration. 

A brief report of an exchange between nitric acid and water has been given by Klein 
and Friedel (J. Amer. Chem. Soc., 1950, 72, 3810), who separated the water from the nitric 
acid by distillation, and carried out a mass-spectrometric analysis directly upon the water. 
Such a method is unsuitable for a detailed kinetic investigation of the exchange. 

The method used must permit a rapid stopping of all exchange, and allow isolation of 
either nitric acid or water, uncontaminated by the other, followed by a mass-spectrometric 
analysis of the sample. These criteria are satisfied by the method adopted : the exchange 

l4m 
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reaction was quenched in a definite amount of normal water, the nitric acid isolated as 
potassium nitrate, and the mass-spectrometric analyses carried out on oxygen gas liberated 
from the potassium nitrate. 

It was necessary to demonstrate the absence of extraneous exchanges in this method 
of recovery; this was tested by two independent methods. First, mixtures of normal 
water and nitric acid were quenched in enriched water, and the potassium nitrate was 
isolated and decomposed in the normal way. The results of a typical experiment are 
outlined below: [HNO,] = 51-87 mol. %. Isotopic abundance of quenching water 
2-31 atoms °% excess. Isotopic abundance of isolated potassium nitrate = 0-014 atom °, 
excess. Extraneous exchange = 0-6 °%, dilution. 

The second, and more generally applicable, test was made by comparing the isotopic 
abundance of the isolated potassium nitrate, after complete equilibration between normal 
nitric acid and enriched water, with that calculated from the known isotopic abundance of 
the water, and the relative concentrations of nitric acid and water. A typical result is 
given below: ; 

[HNO,] = 66-44 mol. %. Initial isotopic abundance of water = 2-83 atoms °%, excess. 


) 
EE LE rer rn ee ae A ae eer Ue eee Ee : 45 75 
0-410 0-411 


— j c a . ; © > 2cc 
Isotopic abundance of KNO,, atoms % excess 0-408 


These values suggest that effects due to differing normal isotopic abundances in nitric 
acid and water, or to isotope effects in the decornposition of the potassium nitrate, are 
not large, or are fortuitously self-cancelling. Such isotope effects were neglected in the 
calculation of rate data. 

The Relation between Isotope Exchange and Chemical Reaction.—The generally accepted 
expression for the net rate of exchange of an isotopically labelled atom X* between two 
species AX, and BX,,, in the absence of an appreciable “‘ isotope effect,’’ is given by 


d[X* in AX, ]/d¢ = d[X* in BX, ]/dé= R(B— a=) . . . . (2) 
where « and § are the respective isotopic abundances, defined as 
x [X* in AX, ]/n[AX,] and 8 = [X* in BX,,]/m[BX,,] 


and R = dX/df, or the actual rate of atomic transfer regardless of labelling. This, in the 
case of monatomic transfer, is identical with the rate of the chemical reaction responsible 
for it. In systems of constant chemical composition, (1) can be rewritten : 


n{[AX,] . da/dt -m[BX,]d8/d¢é= R(B—a) . . . . (ila 


in which R is constant. This expression is equivalent to that deduced by Harris (Trans. 
Faraday Soc., 1951, 47, 716), and has been derived in several forms with varying degrees of 
generality (Duffield and Calvin, ]. Amer. Chem. Soc., 1946, 68, 559; Harris, loc. cit.). 

The ‘‘ exchange rate constant,’’ kex., measuring the rate of approach of the isotopic 
abundance, «, to its value at infinite time «. and given by 


d o d ; oe 
i. ) ' ” - In (100 — %, completion). (2 
dt \ ac —a t dt 


4 
may be related to R by a simple extension of Roberts and Urey’s treatment (J. Amer. 
Chem. Soc., 1939, 61, 2580). 

At equilibrium, in the absence of an appreciable isotope effect, the isotopic abundances - 
in the various species must be equal, and since the total number of labelled atoms is 
constant : 

n[AX,]a + m[BX,,]8 {n{AX,] + m[BX,, }}«~ 
and 
(8 — «) = [1 + m[AX,]/m[BX,,](a2 — «) 
From equations (2), (3), and (la) we obtain 
mn[AX, [BX»] 


aes n{AX,] + m[BX,] 


. Rex. 
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Using the experimentally more convenient quantity “‘excess abundance ’’ above 
normal, and assuming that the normal distribution is the same for all species, we have 
a’ = «a— a, and 8’ = 8 — a,, where a’ and @’ are the excess, and a, the normal abundances 
respectively ; and if AX, is initially isotopically normal : 

> B’ -_ Bo — On, 
The theoretical values for «’ at equilibrium are given by 
a’ = Bo’ /(1 + m[AX,]/m[BXn]) . . . - - + + (8) 

In the work reported, the initial labelling, of abundance §’, was always in the water. 

Therefore the values of R are given by : 


_ _ S{HNO,][H,0]_ 4 
3[HNO,] + [H,O] dé 


R In(ao’—a@) ... - (ies) 


where 
a’ = Bo’ (1 + 3(HNO,]/[H,O]) ° ° , ° ° . (5a) 


Discussion.—A preliminary kinetic investigation showed that the lower oxides of 
nitrogen, which can be analysed together as “‘ nitrous acid,’’ upon dilution with water, 


Variation of exchange rate with nitric 
TABLE 1 Run No. 32 acid concentration. 
, — / 140 
[HNO,] = 46-77 mol %. 
8.’ = 4:37 atom %, excess O}8, 
/ 1-202 atom °%, excess O18. 





log ig (an — @’) logig(a’, — 2’) 
(calc.) * 
0-062 
1-989 
1-916 
1-842 
1-769 
1-696 
0-790 615 1-623 
R = 1-81 x 10° mol. % sec."!. 20 


10°R (mol.% sec.) 


Values calc. from the “‘ least squares’ straight 
line : logy, (a’. — a’) = 0-062 — 0-0732¢ (hr.). or est at ae 


i 
36 40 44 48 52 56 60 64 
HNOs, mol. % 











have a very marked catalytic effect, even in concentrations below 10m. Such concen- 
trations of nitrous acid can be produced by the slight decomposition which occurs when 
‘‘pure’’ nitric acid is diluted with water. This powerful effect of nitrous acid makes it 
impossible for us to compare, even qualitatively, our results with those of Klein and Friedel 
(loc. cit.). These workers do not quote the concentrations of nitrous acid in their solutions, 
although, in the nitric acid range in which their experiments were carried out, the catalytic 
effect of nitrous acid is of prime importance. We find that, in the absence of nitrous acid, 
no conveniently measurable exchange between water and nitric acid occurs below a 
concentration of ca. 40 moles °% of nitric acid.* 

Above this nitric acid concentration, an exchange occurs even with nitrous acid 
concentrations below our measurable limits, an increase in nitric acid concentration giving 
a very rapid increase in exchange rate, and within a comparatively short range of acid 
concentration the rate becomes too rapid for convenient measurement. 

The data for a typical run are given in Table 1 and the effect of nitric acid concen- 
tration on rate is shown in the Figure. 

The runs tabulated in Table 2 fall into two main sets. The first,.in which water of 
8,’ 1-785 atoms % excess was used, were exploratory runs, each of four points. The 


* This effect of nitrous acid will be the subject of a later communication 
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second set of runs carried out with water of $8.’ = 4:37 atoms °% excess, consists of 7 or 
8 points each. One run (at 40-34 mol. % HNO,) was carried out with water of 
11-4 atoms °% excess. 
TABLE 2. 
HNO,, Bp’, (atoms 10° x R Run HNO,, p’. (atoms 108 x R 
Run mol. % % excess) (moles % sec.) mol. % % excess) (moles % sec.~!) 
25 45°85 1-785 1-39 ” 46-77 4°37 1-81 
27 49-03 vi 3.05 52-28 " 7-85 
26 52-23 9-20 2¢ 54-58 a 18-1 
28 58-58 ai 49-3 61-67 - 132 
40-34 11-40 0-284 


The nitrous acid values observed in all these runs were no higher than the blank of the 
analytical method, ca. 1 x 10m; this blank depended upon the concentration of nitric 
acid, : 

EXPERIMENTAL 

Preparation of Materials.—Enriched water. Water with the required enrichment of #%O 
was prepared by fractional distillation of normal water in columns of the type described by 
Dostrovsky, Hughes, and Llewellyn (Nature, 1948, 161, 858). It was purified by static 
distillation in vacuo, and its isotopic abundance (8,’) determined mass spectrometrically after 
equilibration with carbon dioxide gas, by Cohn and Urey’s method (J. Amer. Chem. Soc., 1938, 
60, 679). 

Nitric acid. This was purified by vacuum distillation from sulphuric acid (Benford and 
Ingold, J., 1938, 929), and preserved in the dark in stoppered tubes at — 80°. 

Kinetic Procedure.—The enriched water was weighed into a glass-stoppered tube, to this 
were added ca. 5 mg. of recrystallised sulphamic acid, and the water was partly frozen 
Purified nitric acid, near its m. p., was added dropwise from a vacuum-jacketed weight pipette, 
with thorough mixing and occasional cooling in solid carbon dioxide slush. The sulphamic acid 
removed any nitrous acid formed on mixing with water, and had no observable effect on the 
rate. 

After the temperature equilibrium was reached in a thermostat at 0°, portions of ca. 0-1 c.c. 
were withdrawn periodically, and quenched in 25 c.c. of cold water. The initial sample was 
taken at an arbitrarily chosen zero time. 

The solution was titrated potentiometrically with standard potassium hydroxide, and a 
portion of the neutralised solution withdrawn for evaporation to dryness in vacuo. The 
remainder of the solution was analysed for nitrous acid. 

The dry potassium nitrate was decomposed thermally im vacuo, and the isotopic abundance 
of the evolved oxygen gas determined mass-spectroscopically. 

It was necessary to decompose exactly neutralised potassium nitrate; if the decompositions 
were carried out in the presence of potassium hydroxide erratic results were obtained, and 
apparently some of the oxygen evolved was derived from the potassium hydroxide. 

Determination of Nitrous Acid.—-The method used was a modification of the standard Griess— 
llosvay colorimetric method (Lunge and Swolf, Z. angew. Chem., 1898, 7, 348), devised with 
Dr. J. H. Ridd (Thesis, London, 1951). The diazotisation and coupling were carried out 
separately, at their appropriate pH’s. By this procedure the colour developed rapidly and did 
not vary with time. A blank of ca. 1 x 10-M, in the original solution, possibly due to local 
formation of nittous acid by the heat of dilution of the nitric acid, limits the accuracy of the 
determination of nitrous acid in nitric acid, but is probably common to all methods in which 
the nitric acid is diluted before determination. 
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958. Oxygen Exchange between Nitric Acid and Water. Part II.* 
A Correlation of Oxygen Exchange with Aromatic Nitration. 


By C. A. Bunton and E. A. HALEVI. 


The nitration kinetics of a number of aromatic compounds have been 
examined in aqueous nitric acid. By comparison of these rates with those 
of oxygen exchange (Part I*), a reactivity sequence for the aromatic 
compounds and the water molecule is deduced. 

The kinetic form of nitration is found to vary from first towards zero 
order, depending upon the concentration and reactivity of the aromatic 
compound. The instantaneous nitration rate is always lower than the rate 
of oxygen exchange under the same conditions, but approaches it as the 
order tends to zero, with increasing reactivity of the aromatic compounds. 
These results require the nitronium ion to be the sole reagent for nitration 
and oxygen exchange: the observed kinetic salt effects for nitration are 
interpreted in terms of this mechanism. A similar change of kinetic order 
from first towards zero, with increasing reactivity of the aromatic compounds, 
is observed for nitrations in aqueous perchloric—nitric acid solutions, and it 
appears that the nitronium ion is the nitrating entity in these solutions. 


AN examination of the rate of oxygen exchange between nitric acid and water (Part I* 
showed a high-order dependence of rate on nitric acid concentration, of similar form to 
that observed in aromatic nitration. However, such an investigation can give no evidence 
for the mechanism of exchange, and a comparison of the rates of oxygen exchange and 
nitration was therefore made. Our nitration measurements were of necessity restricted 
to aromatic compounds which were soluble in aqueous nitric acid (approximately 40 
60 moles °, of nitric acid). Suitable aromatic compounds are the arylalkanesulphonic 
acids (added as their sodium salts), various secondary nitramines, and substituted phenols. 
Nitration of compounds of these types has been examined in aqueous nitric acid, with added 
perchloric or sulphuric acid (toluene-@- and 2-phenylethane-sulphonic acids; Halberstadt, 
Hughes, and Ingold, /., 1950, 2441), and in aqueous nitric acid (nitration of N-methyl- 
2 : 4-dinitroaniline on the nitrogen atom and in the aromatic ring; Glazer, Thesis, London, 
1948). Our measurements on oxygen exchange had been carried out under different 
conditions from those used by these workers, and we therefore measured the nitration 
rates at 0°, in aqueous nitric acid, 7.e., under the conditions of the oxygen-exchange 
measurements. 

In all these nitrations we find the instantaneous nitration rate to be lower than the 
rate of oxygen exchange. Nitration of toluene-w- and 2-phenylethane-sulphonic acids 
(added as sodium salts), p-nitrophenol, and N-methyl-N : 2 : 4-trinitroaniline, obeyed a 
rate law which was of the first order with respect to the concentration of aromatic 
compound, and markedly dependent on that of nitric acid. This kinetic form was that 
observed by the earlier workers (Halberstadt, Hughes, and Ingold; Glazer, locc. cit.). 

It is possible to define a formal first-order rate coefficient, k,, with respect to water, for 
oxygen exchange between water and nitric acid, by dividing the rate of exchange (R) by 
the stoicheiometric concentration of water, 1.e., 


kw = R/{H,O] Pe petra, ae eee a 


This allows a comparison to be made between the reactivities of the aromatic 
compounds and of the water molecule, and makes no assumptions about either the 
mechanisms of nitration and oxygen exchange or the state of the water molecule in the 
medium. Taking the reactivity of the water molecule as unity, we can define a scale of 
relative reactivities of the aromatic compounds with respect to water. These values are 
precisely defined only for a given nitric acid concentration, as the dependence of rate on 


* Part I, preceding paper. 
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nitric acid concentration varies from one compound to another. The following approximate 
reactivies (p = k,/k,) for our measurable range of acidity are given below : 

CHyCH,SO,- NHMe OF 

/ jNO, f Y f 7 ‘ H,0 " 

\Z \ y 

No, 

p = 100—250 20—45 10—13 1 
The dependence of first-order rate coefficients on acidity is illustrated in Fig. 1. 

From a consideration of nitration products, Halberstadt, Hughes, and Ingold (loc. cit.) 
suggest that toluene-w- and 2-phenylethane-sulphonic acids have similar reactivities to 
benzene and toluene, respectively. This allows our reactivity sequence to be correlated 
qualitatively with those observed in nitrations in non-aqueous solvents. In this sequence 
we have assumed the formation of N-methyl-N : 2 : 4-trinitroaniline to be a true aromatic 


Fic. 1. Variation of first-order rate coefficients Fic. 2. 
with nitric acid concentration. 
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nitration; this may not be true, and the reaction may involve a slow migration of the 
N-nitro-group to the aromatic ring, followed by a rapid N-nitration (Hughes and Ingold, 
Quart. Reviews, 1952, 6, 34). This possibility is at present under investigation. 

Evidence for Change in Kinetic Form.—Exceptions to the simple first-order law 
discussed above were observed in the nitration of 2-phenylethanesulphonic acid present 
in concentrations >0-5M, a decrease of the order with respect to the aromatic compound 
being found (Fig. 2). This tendency towards zero-order kinetics should become more 


TABLE 1. Limiting first-order rate coefficients for mesitylene-x- and isodurene-a*-sulphonic 
acids at 0°. 
Run HNO,}, ArH], 104k, Reactivity 
no. Compound mol. % mol. % (sec.~!) (p ky /Rw) 
60 Mesitylene-a-sulphonic acid 39-15 0-11 46-0 ~1500 
94 tsoDurene-a?-sulphonic acid 39-43 0-17 72-6 ~2200 
pronounced as the reactivity of the aromatic compound, or its concentration, is increased. 
More reactive compounds, prepared for this work, show this change of kinetic form at 
lower concentrations. With mesitylene-«- and isodurene-«?-sulphonic acids we are unable 
to observe pure first-order kinetics throughout the run under any conditions, and the 
initial stages of the reactions approximate to a zero-order rate law (Fig. 3). However, 
at the end of runs, carried out with initially low concentrations of the aromatic compounds, 
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in a sensitive dilatometer, the residual first-order rate coefficients could be measured; 
a typical example is shown in Fig. 4, and the values are given in Table 1. 
These measurements allow the assignment of reactivity values, relative to water, for 
the two sulphonic acids. In the region of 40 mole % nitric acid these were : 
CH,-SO,- CH,SO,- 
CH,( NCH, ie 
\4 cu, Jou, 
CH, 
2200 1500 
This change of kinetic form with increasing reactivity of the aromatic compound is 
similar to that observed in aromatic nitrations in nitromethane and acetic acid (Hughes, 


Fic. 3. Nitration of sodium iso- 
durene-a®-sulphonate. 
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Ingold, and Reed, J., 1950, 2400). We find for the nitration of these more reactive 
compounds that, as the reactivity or concentration increases, and the kinetic form tends 
from first to zero order, the nitration rates tend towards the rate of oxygen exchange, for a 
given acidity, although under our experimental conditions this value was never reached, 
nor was a pure zero-order form obtained. We consider this rate of oxygen exchange to be 
a limiting value for the rate of nitration in aqueous nitric acid. 

Discussion.—The probable mechanisms of nitration of the arylalkanesulphonic acids 
have been discussed by Halberstadt, Hughes, and Ingold (loc. cit.). The nitrating agents 
considered were the nitric acid molecule, the nitracidium ion, H,NO,*, and the nitronium 
ion, NO,*, related by the following reactions (where HX is an acid) : 

HNO, + HX =» H,NO,* + X~ 
H,NO,* => NO,* + H,O 

They excluded the nitric acid molecule as a probable nitrating agent and pointed out 
that the first-order rate law, which they observed, and the rapid increase in rate with 
increasing acidity, could be explained by (a) nitration by the nitracidium ion, or 
(6) formation of the nitronium ion in a very small equilibrium concentration followed by a 
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slow, rate-determining reaction between this ion and the aromatic compound. The 
kinetic evidence did not enable them to differentiate between these two mechanisms. 
A comparison of aromatic nitration and oxygen-exchange rates does, however, give 
evidence on the mechanism of both reactions. Following Halberstadt, Hughes, and 
Ingold (loc. cit.), we consider two possible reaction schemes for nitration, and compare 
these with analogous schemes for oxygen exchange in aqueous nitric acid : 


(a) Reaction of the nitracidium ton : 
HNO, + HNO, == H,NO,* + NO,- 

Nitration : H,NO,* + RH RNO, + H,O + H* 
Oxygen exchange : H,NO,* + H,O* == H,O + H,NO*,*t 

H,NO*, H* + HNO*, 
or (b) Reaction of the nitronium ion : 

H,NO, NO,” + H,O 
Nitration : NO,” + RH RNO, + H 
Oxygen exchange : NO,* + H,O* == H,NO*, 


fast 


H,NO*,* == H* + HNO*, 

+ By HNO*,, H,NO*,*, and NO*,* we imply all species containing one or more atoms of the tracer 
(see preceding paper) 

For nitration, and oxygen exchange, by the nitracidium ion, we have a rapid pre- 
equilibrium proton transfer followed by a slow rate-determining reaction between the 
water molecule, or the aromatic compound, and the nitracidium ion. The rates of these 
reactions need bear no relation to each other, nor is there any reason why the rates of 
oxygen exchange should be limiting values for the rates of nitration. 

The change of kinetics from first towards zero order indicates that the reaction between 
the nitrating entity and the aromatic compound is not, for reactive compounds, the only 
rate-determining stage. This second rate-determining stage (a process independent of 
the aromatic compound) can only be the formation of the nitracidium ion, which is a rapid 
proton transfer from one nitric acid molecule to another. 

For oxygen exchange via the nitronium ion, the rate of exchange is the rate of 
formation, or destruction, of the nitronium ion, and as, in a given medium, the concentra- 
tion of nitronium ion is constant, these rates are equal. The rate of oxygen exchange 
should therefore give ‘a limiting value for the rate of nitration via the nitronium ion, as 
this rate cannot be greater than the rate of formation of the nitronium ion. So, because 
experimentally the rates of nitration are always lower than the rate of oxygen exchange, 
although they approach this figure for reactive aromatic compounds, which show 
approximately zero-order kinetics, we conclude that nitration and oxygen exchange both 
involve the formation and destruction of the nitronium ion. 

The kinetics of these reactions can be considered in terms of a competition for the 
nitronium ion, between the aromatic compound and the water molecules : 


fas (1) 3) 
HNO, + H* == H,NO,* <= H,O + NO,* —> HNO, + H 


For the less reactive compounds the rate of reaction between the water molecules and 
the nitronium ion, step (2), regenerating nitracidium ions, is much greater than the rate of 
capture of the nitronium ions by the aromatic compounds. We therefore have a small 
equilibrium concentration of nitronium ions, and observe first-order nitration kinetics. 
The more reactive aromatic compounds, in the initial stages of the reaction, capture 
virtually all the nitronium ions, and the rate-determining step of the reaction therefore 
approximates to the rate of formation of these ions. Towards the end of the reaction, the 
concentration of aromatic compound has so decreased that fewer of the nitronium ions 
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formed are captured by the aromatic compound, and a decrease of rate is observed, 
together with a change of kinetic form towards first order. 

Quantitative Treatment of Mixed-order Reactions—A knowledge of the relative 
reactivites, towards nitric acid, of various aromatic compounds compared to water, allows 
the rate of any nitration to be predicted by consideration of the competition between a 
water molecule and an aromatic compound, for a nitronium ion. 

We assume R, the rate of oxygen exchange between water and nitric acid, to be the 
rate of formation of nitronium ions. The rate of nitration will be a fraction of R, 
determined by the relative reactivity (p) of the aromatic compound and its concentration : 

—d{ArH}/dt = (Re[ArH})/(p[ArH] + [H,0]) ra oy ee 
or 
(RR, [ArH])/(k,[ArH] + R) . . . . . (2a) 
The instantaneous rate of nitration is simply the rate of nitronium-ion formation, 
multiplied by the probability of a nitronium ion’s being destroyed selectively by the 
Fic. 5. Nitration of sodium 
mesitylene-a-sulphonate. 
25:0 
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aromatic compound rather than by water. With compounds of low reactivity, &,[ArH] 
in (2a) is negligible relative to R, and the reaction is kinetically of the first order : 
—d{ArHj/dt=kArH]. ..... . . (8) 
Conversely, when the reactivity is high, R may be neglected in the denominator of (2a), 
and the relation reduces to 
—d[ArH]/dt> R i LCS). Alon -ece eee 
Equation (2) allows us to calculate the instantaneous rates of reactions that are 
intermediate between zero and first order. A comparison of experimentally observed 
rates of nitration, with those calculated from a knowledge of the rate of oxygen exchange 
and the reactivity of the aromatic compound, at any given nitric acid concentration, is 
given in Table 2. 
In nitration in non-aqueous solvents (nitromethane and acetic acid), the concentration 
of water is comparable to that of the aromatic compounds, and it is therefore possible to 
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observe zero-order nitrations with compounds whose reactivity is only slightly greater 
than that of water, e.g., benzene in nitromethane (Hughes, Ingold, and Reed, Joc. cit.) and 
methyl alcohol in nitromethane (Blackall and Hughes, personal communication), but even 
in these solvents, when water becomes a bulk constituent, the order with reactive 
compounds is changed from zero to first, with considerable decrease in rate, as in the 


TABLE 2. Initial nitration rates at 0° (tending to “‘ zero ’’-order). 

3 104R 104k, 10,k, (calc.) 
Run HNO, (ArH |, (mol. % sec.~) 
no. Sulphonic acid (mol. %) (mol. %) . 

49 Be is SD 39-95 
51 2-Phenylethane- 40-11 
59 ef 39-72 
63 5 Mesity lene-a- 38-89 


100 ) .. nurene-c% 39-37 
103 ste nae 37-39 


‘ 
‘51 
“16 
66 
“93 
26 


—e re bobo ho | 


nitrations of toluene and fert.-butylbenzene in aqueous acetic acid (observation by Jones, 
quoted by Hughes, Ingold, and Reed, Joc. cit.). For nitrations in our range of aqueous 
nitric acid, we estimate that to observe sensibly zero-order kinetics for 90% of the reaction 
we require compounds of reactivity ca. 20,000 times that of water. 

It would be expected that phenols or phenolic ethers would have this high reactivity. 
However, an examination of the nitrations of such compounds was complicated, in the 
case of the phenolic ethers, by concomitant side reactions, possibly nitrosation and 
demethylation. It was hoped that nitrophenol, which is highly reactive towards nitrosating 
agents, would be similarly reactive under our conditions. Its observed low reactivity, 
ca. 10 relative to the water molecule, suggests that it exists in our solutions as the 
uncharged molecule, and that its high reactivity to nitrosation and nitration in acetic acid 
is due to the existence of the nitrophenoxide ion in these solutions, and that the effects of 
the groups NO, and OH, on nitration, are opposite and (roughly) equal. 

The experimental change of kinetic order from first towards zero, with increasing 
aromatic reactivity, or concentration, which we observe in aqueous nitric acid, was also 
found in nitrations in aqueous perchloric-nitric acid solutions, in the range studied by 
Halberstadt, Hughes, and Ingold (loc. cit.) (see Fig. 5). This change of kinetic form 
suggests that the nitronium ion is the nitrating agent in these solutions. Unfortunately, 
we were unable to measure the rates of oxygen exchange under these conditions, owing to 
the complicating presence of perchloric acid, and can therefore make no comparisons 
between oxygen exchange and nitration in the presence of perchloric acid. 

In these solutions the variation of nitric acid, in the course of a kinetic run, was 
significant compared to the initial nitric acid concentration; this complicated the kinetic 
form of the nitration. A further indication of this. change of order is shown by the decrease 
of initial first-order rate coefficients with increasing concentration of the aromatic 
compound (Table 3). 


TABLE 3. Initial first-order nitration rates in aqueous nitric—perchloric acid media, 
at 24-85°. 
Medium composition (mol. %) [ArH }, 
Sulphonic acid HNO, THCIO, H,O (mol. %) 
{ 0-081 
( 0-84 


ee oe on ss 0-070 
Mesitylene-a- 17-58 6-56 75°58 0-19 


2-Phenylethane- 16-36 9-75 73°89 


Kinetic Salt Effects —The effect of added salts on the first-order rate coefficients of 
nitration of toluene-w- and 2-phenylethane-sulphonic acid in aqueous perchloric-nitric 
acid was investigated by Halberstadt, Hughes, and Ingold (loc. cit.), who observed a 
strong acceleration by sodium perchlorate, and a weaker though well-marked, retardation 
by nitrates. In the present work the first-order nitration of 2-phenylethanesulphonic acid 
and the approximate zero-order nitration of isodurene-a?-sulphonic acid were carried out 
in the same medium, 39-3 mole °% nitric acid, at 0°, in the presence of added sodium 
perchlorate and potassium nitrate. To minimise the effect of the fully ionised sodium 
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sulphonates, each group of measurements was carried out with a constant concentration 
of the given aromatic compound. 

In order to make the approximately zero-order nitrations comparable, the rates quoted 
were measured over comparable parts of the runs. The experimental results are shown in 
Fig. 6. They show a retardation by nitrate ion in both kinetic forms, and an acceleration 
by sodium perchlorate, which is much more marked in the first-order than in the zero- 
order mechanism. 

The retarding effect of nitrate ion is similar for both kinetic forms, and following the 
general theory of nitration (Hughes, Ingold, and Reed, Joc. cit.), we consider that the 
nitrate ion decreases the standing concentration of the nitracidium ion, formed in the 
equilibrium HNO, + HNO, = H,NO,* + NO,~. As this initial equilibrium is a 
component of the rate factors for both zero- and first-order nitrations, we expect a parallel 
effect of nitrate ion on both these rates. Owing to the high concentration of nitrate ion 
present in our nitrating solutions, we can draw no quantitative conclusions from the 
magnitude of this nitrate-ion effect, although, as we should expect, it is considerably 
smaller than the effect observed in nitrations in nitromethane and acetic acid (Hughes, 
Ingold, and Reed, Joc. cit.) under conditions in which the concentration of nitrate ion 
initially present is small. 

The acceleration of the first-order rates of nitration by sodium perchlorate, observed 
by Halberstadt, Hughes, and Ingold (loc. cit.), was considered by them to be due to the 
solvation of the cation by water molecules, decreasing the activity of the water. A detailed 
consideration of the mechanism of nitration suggests that such a solvation should affect 
the zero- and first-order reactions differently : 


HNO, + HNO, == H,NO,* + NO,” 
H,NO,* = NO,* + H,0 


NO,* + RH —> RNO, + H* es 

For a zero-order reaction, the rate-determining step is the heterolytic fission of the 
nitracidium ion (2), and because of the rapid capture of the nitronium ions by the aromatic 
compound, the reverse step of (2), the recombination of nitronium ions and water, which 
depends upon the activity. of the water molecules, plays no part in the kinetics of the 
reaction. The comparatively small accelerating effect which we observe is probably due 
entirely to the enhanced selective protonation of the nitric acid. 

The first-order reaction involves the equilibrium formation of the nitronium ion by 
steps (1) and (2), followed by the slow reaction of the nitronium ion and the aromatic 
compound. The standing concentration of nitronium ions will therefore be increased by a 
decrease in the activity of the water molecules, which will not only facilitate protonation 
of the nitric acid, but will also allow a higher standing concentration of nitronium ions in 
equilibrium (2). 

This treatment ignores the effect of ionic strength on the actual nitration step. As 
this step involves, not a formation or destruction of charge, but merely the separation of 
an existing charge, such an effect should not be large. Any quantitative consideration of 
the effect of non-common ions is precluded by the necessity of adding the aromatic 
compounds as sodium salts. 

EXPERIMENTAL 

Preparation of Materials.—Nitric acid was purified by vacuum-distillation from sulphuric 
acid as described in Part I (loc. cit.). Perchloric acid, ‘‘ AnalaR ’’ 72% grade, was used without 
further purification. Inorganic salts, of ‘‘ AnalaR ”’ grade, were recrystallised from water and 
dried over phosphoric oxide in a desiccator. N-Methyl-2 : 4-dinitroaniline, kindly supplied by 
Dr. J. Glazer, was recrystallised from water; it then had m. p. 177°. -Nitrophenol, 
recrystallised from water, had m. p. 113°. 

Toluene-w- and 2-phenylethane-sulphonic acids were prepared as sodium salts from the 
corresponding bromides by boiling aqueous sodium sulphite, recrystallised from water and 
dried over phosphoric oxide (Halberstadt, Hughes, and Ingold, loc. cit.). Mesitylene-«-sulphonic 
acid was similarly prepared from «-bromomesitylene, obtained by direct bromination of 
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mesitylene (Kadesh, J. Amer. Chem. Soc., 1947, 69, 1211). Repeated micro-analyses for this 
and similar sodium sulphonates gave erratic results; the sodium mesitylene-a-sulphonate was 
therefore analysed directly for sodium (Found: Na, 10-4. C,H,,0O,;SNa requires Na, 10-4%), 
and further characterised by conversion into the S-benzylthiuronium derivative (Chambers and 
Watt, J. Org. Chem., 1941, 6, 376), m. p. 162° (Found: C, 56-6; H, 6-3; N, 7-2. C,,H,.O,N,S, 
requires C, 56-8; H, 6-4; N, 7-4%). 

isoDurene-x?-sulphonic acid was prepared, as the sodium salt, by chloromethylation of the 
corresponding hydrocarbon, followed by conversion into the iodide, and reaction of the iodide 
with sodium sulphite. It was purified by recrystallisation from water, and dried at 110° (Bunton 
and Halevi, forthcoming publication). 

Kinetic Measurements.—The nitration of all the compounds was followed dilatometrically. 
Tap dilatometers, lubricated with silicone grease, were employed; their capillary bores in the 
range 0:-4—1-1 mm., were chosen to accommodate the widely different initial concentrations of 
aromatic compound, otherwise they were of the design described by Halberstadt, Hughes, and 
Ingold (loc. cit.). The change in meniscus height with time was followed with a cathetometer. 
To allow a convenient comparison to be made with the results of oxygen exchange, the 
composition of the solution is expressed in mol. % of the initial components, and the 
concentrations of the compound being nitrated and of added salts are expressed as moles per 
100 moles of the original medium. 

The nitrations in aqueous nitric acid at 0° were carried out in an ice—water thermostat 
(+0-001°); those in aqueous nitric—perchloric acid mixtures were carried out in a thermostat 
of conventional design, at 24-85° + 0-002°. The nitrating solutions were kept overnight in the 
refrigerator after being made up, and it was then not necessary to carry out the degassing 
described by Halberstadt, Hughes, and Ingold (/oc. cit.). For runs carried out at 0° it was 
necessary to allow 10 minutes, after filling the dilatometer, for temperature equilibrium to be 
reached. This, in the rapid runs, restricted the portion of the reaction which could be followed. 

Nitrous acid was determined before each run, as described in Part I (loc. cit.). Its 
concentration varied from 1 to 5 x 10-3 mole %; such small concentrations had no noticeable 
effect on the rate. 

Analytical Control.—Mononitration has been confirmed by Halberstadt, Hughes, and Ingold 
(loc. cit.), for toluene-w- and 2-phenylethane-sulphonic acids, under conditions similar to those 
of the present investigation. In all other cases confirmation of mononitration was carried out 
by product isolation. 

Nitration, under the conditions of the dilatometric runs, but on a somewhat larger scale, was 
allowed to proceed for 2—3 times the time required for complete dilatometer contraction, and 
the nitration product isolated and characterised or analysed. 

N-Methyl-2 : 4-dinitroaniline. The nature of the two-stage nitration was deduced by 
Glazer (loc. cit.). In the present work it was impossible, owing to solubility difficulties, to 
obtain accurate kinetic data for the N-nitration, and therefore the control was repeated 
under our experimental conditions at 0°. After a period of time, deduced from approximate 
dilatometric rate measurements, the nitration mixture was poured on ice, and the product 
isolated and identified as N-methyl-N : 2: 4-trinitroaniline, m. p. 113—114° (Found: C, 34-8; 
H, 2:5; N, 23-4. Calc. for C;,H,O,N,: C, 34:7; H, 2:5; N, 23-1%). 

Under conditions of the C-nitration, this trinitro-compound was nitrated at a rate identical 
with that of the parent compound (Fig. 2). 

p-Nitrophenol. The nitration product, isolated by pouring on ice and recrystallisation 
from water, had m. p. 114—115°. The sample did not depress the m. p. of an authentic sample 
of 2:4-dinitrophenol. 2:4-Dinitrophenol under these nitration conditions gave no 
dilatometric contraction. 

Mesitylene-ax- and isodurene-x*-sulphonic acids. The nitrated mixture was poured into 
water, and the water and nitric acid were removed by hard pumping. The solid residue was 
recrystallised from a small amount of water, and finally washed with ice-water to remove traces 
of nitrate ion. The nitro-acids were analysed for nitrogen in their sodium salt (Found: N, 4-9, 
5:2. CygH,O;NSNa requires N, 5-2%) (Found: N, 5-1. C,)9H,,0;NSNa requires N, 5-0%). 
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959. Colouring Matters of the Aphidide. Part VI. The 
Glucosidic Nature of Protoaphin. 


By B. R. Brown, T. EksTRAND, A. W. JoHNsOoN, S. F. MACDONALD, and 
A. R. Topp. 


Acid hydrolysis of protoaphin-fb has yielded p-glucose, together with a 
brown amorphous material which can be converted either into xanthoaphin-fb 
by the action of an enzyme solution prepared from fresh insects, or into ery- 
throaphin-fb by acid treatment. A similar series of reactions is described 
with protoaphin-sl. Protoaphin-fb is converted directly into erythroaphin-/b, 
although in poor yield, by the action of acids. 


In earlier papers (Parts II, III, 1V, V; J., 1950, 477, 485, 3304; 1951, 2633), we described 
a remarkable group of colouring matters known as aphins, which can be obtained from a 
large number of dark species of Aphidide. Apart from the primitive Hamamelistes 
species which are abnormal in type, all the aphin-containing species examined appear to 
be similar in that the hemolymph of the living insect contains a water-soluble protoaphin, 
which is converted by enzymic action after death into a yellow fat-soluble fluorescent 
xanthoaphin, the latter compound undergoing further changes by chemical action to give 
an orange chrysoaphin and a red erythroaphin. Although in each insect species a similar 
series of conversions is observed, the individual pigments obtained from different species 
are not always the same; indeed, in the species we have so far closely examined it would 
appear on infra-red spectroscopic evidence that at least two distinct, although very closely 
related, series are found, and it has been customary, pending a complete understanding of 
their nature, to describe individual pigments by a type name followed by a suffix indicating 
the species of origin, e.g., protoaphin-fb from A. faba, etc. 

Protoaphins isolated from several species are golden-yellow crystalline compounds, 
whose aqueous solutions become reddish-violet at pH values above 5-5. In chemical 
behaviour they are very similar, and most of our work on protoaphin has been done on 
protoaphin-fb which is readily obtained from the common black aphid A. fabe found on 
cultivated broad beans. Protoaphin differs from the other aphins (xanthoaphin, chryso- 
aphin, and erythroaphin) not only in its water-solubility and colour in alkaline solution, 
but also in its lack of fluorescence and in its ultra-violet absorption spectrum (Part II, 
loc. cit.); it is, moreover, considerably more stable to acids and alkalis than is either 
xanthoaphin or chrysoaphin. Protoaphin-fb gives analytical values which are in reasonable 
agreement with a molecular formula C,H, 4,0, although in the absence of other 
supporting evidence this cannot be regarded as definitely established. In earlier studies 
(Part II, loc. cit.) it was shown that protoaphin could be converted smoothly into xantho- 
aphin by adding freshly crushed insects to its solutions at pH 6—7. It has now been 
possible to prepare pigment-free enzyme solutions from fresh insects which can be used to 
effect this conversion. Whether this conversion is brought about by one enzyme, or if 
more than one is involved, is at present unknown, since purification has not been carried 
beyond this point. The method used for preparing pigment-free enzyme concentrates, 
which is recorded in the Experimental section, utilises butanol-extraction (for its use 
with other enzymes, cf. Morton, Nature, 1950, 166, 1092). That protoaphin is the pre- 
cursor of the fluorescent aphins was also confirmed chemically, for when heated with 
mineral acids in aqueous dioxan for some time protoaphin-/b yielded, among other products, 
erythroaphin-f6. The yield of erythroaphin obtained in this way was variable and usually 
low, hot aqueous formic acid giving the best results. Since the conversion of xanthoaphin 
into erythroaphin in acid solution is practically quantitative, the low yield must be due 
to the initial protoaphin—xanthoaphin conversion being far from quantitative when carried 
out by chemical, as distinct from enzymic, action 

The properties of protoaphin-fb and its conversion into erythroaphin-/b (presumably 
via xanthoaphin-/b) by hot acids, suggested that it might be glycosidic in character. An 
examination of the action of dilute sulphuric acid on protoaphin-/b has confirmed this ; in 
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addition to a small quantity of erythroaphin-fb there were produced a sugar and a brown 
amorphous material. The sugar has been identified as D-glucose by its behaviour on paper 
chromatograms and its optical rotation, and by preparation of its osazone and osotriazole. 
Estimation of glucose in the hydrolysis solution gave a value of 0-73 mol. per mol. of pro- 
toaphin; from this it is concluded that protoaphin is a monoglucoside, and presumably an 
O-glucoside from its ease of hydrolysis. 

The brown amorphous material which forms the other main product of hydrolysis was 
at first thought to be the aglucone of protoaphin, but it is now known to be a mixture of 
probably related compounds, some of which are unstable, and it has not been possible 
to isolate any one of them in a crystalline condition. This brown material gives a brown 
solution in ether, a reddish-violet solution in sodium hydrogen carbonate, and is non-fluores- 
cent. It is indeed very similar to protoaphin except for its greater solubility in ether and 
its higher acidity; its ultra-violet absorption spectrum, too, is like that of protoaphin, 
showing mainly end absorption. When heated with acids this product yielded some 
erythroaphin, and with the enzyme preparation used above for the protoaphin—xanthoaphin 
conversion it yielded a small amount of xanthoaphin, whose presence was demonstrated 
spectroscopically and confirmed by conversion into erythroaphin. The conversions into 
fluorescent aphins were far from quantitative, however. 

The simplest explanation of these results is that the enzymic conversion of protoaphin 
into xanthoaphin is a two-stage process involving the production of the aglucone by 
hydrolysis, followed by some further reaction which yields the fluorescent pigment. When 
protoaphin is hydrolysed by acids, the true aglucone is doubtless first formed, but decom- 
poses to substances which are not convertible into xanthoaphin; the brown amorphous 
product of hydrolysis probably contains some of the true aglucone which can undergo 
normal enzymic conversion into xanthoaphin and a number of these decomposition products. 
The analogy between the hydrolysis of protoaphin by acids and the action of the enzyme 
preparation must not be pressed too far at this stage, since they might involve quite 
different mechanisms. The explanation outlined above is, however, reasonable and it is 
consistent with the fact that on the provisional formula C3,H,4, 4,0,, for protoaphin-/o, 
its aglucone should have a formula Cy9H5, 3,0,4, whereas xanthoaphin-fb gives values 
corresponding to a formula CypHy¢ 399). 

It has been shown that the fluorescent aphins from Tuberolachnus salignus are not 
identical with those from A. fab@ (Part V, loc. cit.), and accordingly a similar series of 
experiments were carried out on a solution of protoaphin-s/ prepared from a charcoal 
adsorbate (Part III, loc. cit.) by elution with 75% acetone. Similar results were obtained, 
D-glucose being identified in the hydrolysate; the difference between protoaphin-/b and 
protoaphin-s/ thus resides solely in the non-carbohydrate portion of the molecule. 

For the work recorded in this paper the preparation of substantial quantities of crystal- 
line protoaphin-/d was necessary, and the preparative procedure described in Part II (loc. 
cit.) has been revised in that the amount and concentration of the acetone used have been 
restricted to minimise the difficulties due to the presence of fat and wax in the extracts. 


EXPERIMENTAL 

Protoaphin-fb (cf. Part II, loc. cit.).—The aphids Aphis fabe (from bean plants) were 
killed on the plants in water at 70°, removed as before, and partly dried on a Buchner funnel 
under weak suction. A portion (135 g.) was ground with acetone (250 c.c.), and the solid 
material separated in a centrifuge. The extraction and separation was repeated first with 
80% acetone (250 c.c.), and then with 50% acetone (250 c.c.). The combined extracts were 
kept at 0° overnight, then separated from any solids, and the filtrate was stirred for 10 minutes 
with charcoal (15 g.; Darco G60). The carbon was separated and the filtrate concentrated 
(to 125 c.c.) under a slight vacuum, protoaphin-fb separating as well-formed crystals (816 mg.). 
It was washed with water, dried by suction, and washed with acetone and ether. If necessary it 
could be further purified by dissolving it in n/100-sodium hydroxide, filtering, and acidifying the 
filtrate to pH4 with hydrochloric acid (N/100). Protoaphin is very sparingly soluble in water or 
acetone but easily soluble in mixtures of the two. 

Hydrolysis of Protoaphin-fb.—(i) Identification of glucose. Protoaphin-fb (601 mg.) was 
heated at 75—80° during 1 hour with 60% dioxan (30 c.c.) and N-sulphuric acid (300 c.c.). 
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The mixture was extracted with ether until the ethereal layer remained colourless. The aqueous 
layer was neutralised with barium carbonate, filtered, and evaporated to small bulk; a positive 
Molisch test was then obtained. The solution was evaporated to dryness, and the residue dis- 
solved in pyridine (10 c.c.), filtered, and evaporated to a syrup (100 mg.), [«]p +44° in H,O. 
On a paper chromatogram the syrup had Ry 0-20 (glucose, 0-21; sorbose, 0-21; fructose, 0-25; 
mannose, 0-25). The syrup gave no typical ketose reactions. An aqueous solution yielded an 
osazone (68 mg.) which separated from alcohol as yellow needles, m. p. 208° (decomp.) This 
was converted into the osotriazole (16-2 mg.) which separated from water as colourless needles, 
m. p. 193—194°, unchanged on admixture with the osotriazole from p-glucose (Found: 
C, 54-3; H, 5:5; N, 15-5. Calc. for C,,H,,0,N,: C, 54:3; H, 5-7; N, 158%). Hydrolysis 
of protoaphin and estimation of glucose by Somogyi’s method (J. Biol. Chem., 1945, 160, 
61) yielded the value 0-73 mole of glucose per mole of protoaphin-fb (C,,H,,O,,). 

(ii) The non-glucosidic products. Protoaphin-fb (2-00 g.) was heated at 80° for 20 minutes 
with 60% methanol (100 c.c.) and n-sulphuric acid (250 c.c.). The cold mixture was extracted 
with ether, and the ethereal solution extracted twice with saturated aqueous sodium ‘.ydrogen 
carbonate. The ethereal layer showed the spectral lines of erythroaphin, and from it erythro- 
aphin-fb (10 mg.) was isolated in crystalline form. Light absorption in chloroform : max. at 
4210, 4470, 4840, 5220, 5610, and 5880 A. The purplish-red bicarbonate solution was washed 
with ether until free from erythroaphin, and then acidified with dilute sulphuric acid. The 
solid product which separated was taken up in ether, and the solution dried and evaporated to 
small bulk. Addition of light petroleum precipitated the crude product (1-29 g.) as a brown 
powder. The compound was purified by extraction in a thimble with chloroform containing 
alcohol (1%) and precipitation by the addition of light petroleum, followed by dissolution in hot 
ethyl acetate, addition of light petroleum to turbidity, and cooling. The hydrolysis product was 
thus obtained as an amorphous brown powder, which did not melt below 300°. It was readily 
soluble in alcohol, acetone, ethyl acetate, ether, or carbon tetrachloride, but almost insoluble in 
light petroleum or alcohol-free chloroform. In aqueous alkalis it readily formed purplish-red 
solutions, but was sparingly soluble in aqueous acids. 

Hydrolysis of Protoaphin-s1.—Protoaphin-sl from T. salignus (50 g.) was eluted from charcoal 
(Darco G60; 5 g.) with aqueous acetone (75%) (Duewell, Johnson, MacDonald, and Todd, /., 
1950, 485). The acetone was removed by evaporation and the resulting purplish-red aqueous 
solution of the protoaphin diluted (to 100c.c.), made N with respect to sulphuric acid, and 
heated at 80° for 30 minutes. From the cooled liquid the precipitated hydrolysis product was 
extracted in ether. 

The remaining aqueous solution was boiled with charcoal, filtered, neutralised with barium 
carbonate, again filtered, and then treated with successive amounts of charcoal until colourless, 
This solution gave a positive Molisch test. Evaporation yielded a colourless syrup, which had a 
positive optical rotation in water, and yielded an osazone (100 mg.) as yellow needles, m. p. 
203—205° (decomp.). This gave the osotriazole which separated from water as colourless 
needles, m. p., alone and mixed with an authentic specimen of D-glucose osotriazole, 194—195°. 

The brown ethereal solution was dried and evaporated to small bulk, and the crude hydro- 
lysis product (320 mg.) isolated and partly purified as before. It separated as an amorphous 
orange powder which did not melt below 360°. 

The solubility relations of the protoaphin hydrolysis product of the si series are very similar 
to those of the fb-product. 

Pigment-free Enzyme Solution from A. fabe.—Washed insects (50 g.) were ground with 
phosphate buffer (50 c.c.; pH 6-5), the bulk of the solid material was removed by filtration 
through fine cloth, and the filtrate clarified by centrifuging and filtration through Supercel. 
The product (40 c.c.) was shaken with pure butanol (10 c.c.), the layers were separated in the 
centrifuge, and the aqueous layer was shaken and centrifuged again with butanol (15 c.c.). 
The aqueous solution was then filtered through Supercel and stored at 0°. 

The extract (10 c.c.) was shaken with acetone (10 c.c.)—ether (10 c.c.), and the ethereal layer 
washed with water and then concentrated hydrochloric acid (to convert any aphins into erythro- 
aphin). The ethereal layer was again washed with water and then concentrated (to 1 c.c.). 
Spectroscopic estimation of the erythroaphin by comparison with standard solutions gave a 
value of approximately 7 x 10-* mg. of erythroaphin-fb. 

Xanthoaphin-fb from Protoaphin-fb (cf. Part II, loc. cit.) —Protoaphin-fb (200 mg.) in phos- 
phate buffer (50 c.c.; pH 6-5) and water (50 c.c.) was fermented with an enzyme extract pre- 
pared as above from A. faba (4g.). After 40 minutes much xanthoaphin-fb had separated, and 
the mixture was extracted with ether. Concentration of the extract followed by addition of 
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a little chloroform caused crystallisation of the xanthoaphin-fb (Found: C, 63-7; H, 5-9. 
Calc. for C3,H3,0,, : C, 63-6; H, 5-35. Calc. for C;,H;,0,,: C, 63-4; H, 5-7%). 

Enzymic Conversion of the Non-glucosidic Hydrolysis Product of Protoaphin-fb into Fluorescent 
Aphins.—(i) Xanthoaphin-fb. The hydrolysis product (2-3 mg.) from protoaphin-fb was dis- 
solved in phosphate buffer (25 c.c.; pH 6-5), and an enzyme solution prepared from fresh aphids 
added. After 30 minutes the solution was extracted with chloroform (50 c.c.) to yield a bright 
yellow solution with a strong bluish-green fluorescence. The xanthoaphin-fb present (0-25 mg.) 
was estimated spectroscopically and showed the usual maxima at 3580, 3780, 4060, 4280, and 
4600 A. 

(ii) Evythroaphin-fb. The hydrolysis product (74 mg.) in phosphate buffer (100 c.c; pH 
6-5) was treated with the enzyme solution. After 1 hour, water (100 c.c.) was added, and the 
solution extracted with ether (3 x 100 c.c.). The ethereal layer was washed with saturated 
sodium hydrogen carbonate solution (3 x 50 c.c.), then with water, and dried. Evaporation 
vielded the crude mixed pigments which were taken up in chloroform, and converted into ery- 
throaphin-fb with formic acid (Part II, Joc. cit.). Purification by sulphuric acid partition and 
crystallisation from ethanol-chloroform gave erythroaphin-fb (13-6 mg.) as deep-red needles. 
Light absorption in chloroform : max. at 4210, 4470, 4870, 5220, 5620, and 5870 A; log emay. 
4-46, 4-58, 3-99, 4-07, 4-26, and 3-88 respectively. 

Erythroaphin-fb from Protoaphin-f{b.—Protoaphin-fb (415 mg.) in water (160 c.c.) containing 
resorcinol (40 g.) and formic acid (9 c.c.) was heated under gentle reflux for 2 hours, and the 
solid product separated from the warm solution. The solid was washed with water and ethanol 
and dissolved in chloroform, and the solution shaken for 6 hours with saturated sodium hydrogen 
carbonate solution. The product was filtered and the chloroform layer concentrated, erythro- 
aphin-fb being then obtained by the addition of hot ethanol. The product formed fine needles 
(16 mg.) from the same solvent (Found: C, 70-6; H, 4-7. Calc. for C,,H,,.O,: C, 70-6; H, 
4-3%). The ultra-violet and infra-red spectra were identical with those of an authentic speci- 
men of erythroaphin-fb (Parts II and V, locc. cit.). 


Grateful acknowledgment is made to the Wellcome Trustees for a Fellowship (held by 
S. F. M.), and to the Royal Commissioners for the 1851 Exhibition for a Senior Studentship (held 
by B. R. B.). The absorption spectra were determined by Dr. R. H. Haszeldine, whom we 
thank. 
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960. Colouring Matters of the Aphidide. Part VII.* Addition 
Reactions of Erythroaphin-tb. 


By B. R. Brown, A. W. JoHnson, S. F. MACDONALD, J. R. QUAYLE, 
and A. R. Topp. 


Erythroaphin-fb readily undergoes addition reactions with ammonia, 
amines, and halogens with the formation of diamino-, substituted diamino-, 
and dihalogeno-erythroaphins. Diaminoerythroaphin-fb is converted by 
nitrous acid into dihydroxyerythroaphin-fb which is also formed by oxidation 
of erythroaphin-fb with permanganate. Thiele acetoxylation of erythroaphin 
followed by hydrolysis yields monohydroxyerythroaphin. All of these sub- 
stitution products of erythroaphin can be reconverted into the parent pigment 
by reduction with zinc and acetic acid. The bearing of these reactions on the 
structure of erythroaphin is discussed. 


EARLIER work has shown that the erythroaphins from various aphid species are polycyclic 
quinones and by combining it with evidence from spectroscopic studies it was concluded 
in Part V (Johnson, Quayle, Robinson, Sheppard, and Todd, /J., 1951, 2633) that they 
must be extended quinones (7.e., compounds in which the quinone carbonyl groups are in 
different rings) containing two hydroxyl] groups so situated that they can form with the 
carbonyl groups chelated 6-membered rings. Thus the simplest explanation of the facts 


* Part VI, preceding paper. 
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was given by the presence of the grouping (I) in the erythroaphin molecule. The present 
paper provides chemical evidence which supports and extends this conclusion. 

In an investigation of primitive aphids of the Hamamelistes family (forthcoming public- 
ation), certain pigments (rhodoaphins) were isolated which although not identical with any 
of the known erythroaphins appeared to be closely related to or derived from them, and 

some experiments were undertaken on derivatives of erythroaphin in the hope 
9 OH of establishing such a relation. In this way the remarkable observation was 
MI LS made that when erythroaphin-/b dissolved in aqueous dioxan was treated 
i | with ammonia in presence of air at 70—100° it was rapidly converted into 
a beautifully crystalline diaminoerythroaphin-/6; this product was quite 
strongly basic and gave a crystalline dihydrochloride. Diaminoerythro- 
(| | aphin-f6 crystallised as a hydrate and analysis gave values corresponding 
\/ Noh, to a formula Cy9H,,O,Nq, 7.¢., to a diamino-derivative of erythroaphin, 
O OH CopH 20g. It may be recalled that a decision between Cj 9H,,0, and 
(1) Cy9H..0, cannot readily be taken solely on the analytical values obtained 
for erythroaphin-/ itself (Part Il, J., 1950, 477). The reaction leading 
to the formation of diaminoerythroaphin-/b requires careful control of temperature, 
water—dioxan ratio, and particularly the ammonia-air ratio if a reasonable yield of 
crystalline product is to be obtained and uncrystallisable by-products are to be 
avoided. Similar derivatives are obtained when erythroaphin-/d is treated with a number 
of other amines in presence of air, and dipiperidino- and dicyclohexylamino-erythroaphin-/b 
have been prepared in this way. When treated with nitrous acid diaminoerythroaphin-/é 
does not form a stable diazonium compound but is converted directly to dihydroxyerythro- 
aphin-fb, Cy9H 909; some evidence was obtained for the existence of an intermediate 
compound, possibly a hydroxy-aminoerythroaphin-/6 when insufficient nitrous acid was 
used. The same conversion into the dihydroxy-derivative can be effected by hot dilute 
mineral acid, or a mixture of acetic and boric acids at 100°. Dihydroxyerythroaphin-/b 
has also been obtained in low yield together with other products by oxidising erythroaphin- 
fb with potassium permanganate. The formulation of the dihydroxy-compound is justified 
not only by its composition and mode of formation but also by the fact that it can be 
reduced, like diaminoerythroaphin-f6, by short treatment with zinc and acetic acid at 
100° to erythroaphin-fd, identified by analysis and by visible and infra-red spectra. Ery- 
throaphin-f6 is also very sensitive to halogens and dichloro- and dibromo-erythroaphin-fb 
are readily obtained by treatment of a chloroform solution with chlorine water or by the 
action of bromine in acetic acid respectively. The dihalogenoerythroaphins are also 
readily reduced to the parent erythroaphin-/6 by zinc and acetic acid. During this work it 
was found that certain impurities may be conveniently removed from erythroaphin-fb by 
shaking its chloroform solution with saturated sodium hydrogen carbonate solution, the 
impurities being precipitated at the interface. This step has been included in all of the 
erythroaphin preparations. 

These reactions of erythroaphin-/6 find their closest analogy in the known behaviour of 
quinones. The amination reaction on this basis may be assumed to proceed by initial 
addition of ammonia or other amine to the quinonoid system, the quinol derivative first 
formed being reoxidised by air to an aminated erythroaphin which then undergoes a second 
additon reaction. The conversion of diamino- into dihydroxy-erythroaphin-/b has a 
parallel in the behaviour of a number of aminoquinones, and the production of dihydroxy- 
erythroaphin on permanganate oxidation is presumably due to the initial phase of oxidation 
(i.e., hydroxylation) being markedly faster than the second phase so that provided insuffi- 
cient permanganate is used to bring about complete degradation some dihydroxyerythro- 
aphin will always be found among the products. Although these reactions of erythroaphin 
are typical of quinones the ease with which they occur is most surprising (e.g., dipiperidino- 
erythroaphin-f6 can be obtained by merely keeping erythroaphin-/b in an atmosphere of 
piperidine at room temperature). Amination with ammonia or amines is known and has 
been employed technically with a number of polycyclic hydroxyquinones but in all cases 
recorded in the literature the temperature required to bring about reaction is much higher 
than iri the present instance and normally results in the replacement of hydroxy- by amino- 
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groups. The ease of reaction observed is much more reminiscent of a simple benzoquinone 
or naphthaquinone although even there it would be rather remarkable. There is another 
respect too in which the erythroaphins show the high reactivity of simple quinones; they 
appear to undergo the Thiele acetylation reaction. Thus treatment of erythroaphin-fb 
at 0° with acetic anhydride containing sulphuric acid, followed by decomposition of the 
excess of acetic anhydride, hydrolysis, and aerial oxidation, yields a hydroxyerythroaphin- 
fb which can be reconverted into erythroaphin-/b by reduction with zinc and acetic acid or 
with alkaline dithionite followed by aerial oxidation. It should be mentioned that we 
have so far been unable to introduce further hydroxyl groups into hydroxy- or dihydroxy- 
erythroaphin and or to aminate hydroxyerythroaphin under the conditions used for 
erythroaphin itself. It is known (cf. Thiele and Winter, Annalen, 1900, 311, 341) that the 
presence of a 2-hydroxy or a 2-methyl group in naphthaquinone retards the normal 
Thiele acetylation reaction. The striking colour reaction for aphin pigments first noted by 
Blount (J., 1936, 1034) in the case of strobinin (erythroaphin-st) can now be explained. 
The production of a blue solution with red fluorescence when aphins are treated with acetic 
anhydride containing sulphuric acid is due to Thiele acetylation of the erythroaphin. 
Tetra-acetyldihydroerythroaphin does not give a blue colour with concentrated sulphuric 
acid. The blue colour is characteristic of the acetates of the hydroxylated dihydroerythro- 
aphins in strong acids; in neutral solution they are yellow. As would be expected on 
this basis the speed with which the colour develops increases with increasing hydroxylation 
and while acetic anydride—sulphuric acid and acetic anhydride—perchloric acid are suitable 
reagents for erythroaphin and hydroxyerythroaphin, acetic anhydride—phosphoric acid 
which has no effect on erythroaphin is the best reagent for use with dihydroxyerythroaphin. 

The properties of the new compounds differ from those of erythroaphin in accordance 
with expectation. The introduction of hydroxy-groups progressively increases solubility 
in hydroxylic solvents and their acidity as reflected in the pH at which green alkali salts 
are formed; dihydroxyerythroaphin frequently develops a green colour with commercial 
methanol or acetone. Their visible absorption spectra, although quite distinct, are similar 
to that of erythroaphin but the compounds can be readily distinguished from erythroaphin 
and from each other by partition between various solvents (see Experimental). 

All the present evidence indicates that the erythroaphins are polycyclic quinones. A 
simple benzoquinone or even naphthaquinone structure for them is virtually excluded and 
vet there are no analogies in the literature relating to polycyclic quinones for the remarkable 
ease of amination and hydroxylation; this appears to us to indicate that the quinonoid 
carbonyl groups are in peripheral rings of the polycyclic system. The fact that two amino- 
groups are introduced with ammonia suggests that the carbonyl groups occur in different 
rings, t.e., that in the erythroaphin molecule we have an extended quinone system. 

The simplest expression of this hypothesis would be the partial structure (II) but on 
steric grounds it is unlikely that amino-, hydroxy-, or halogeno-groups could be introduced 
into both of the positions X (cf. Newman and Whitehouse, J. Amer. Chem. Soc., 1949, 71, 
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3664). The structure (1) suggested on spectroscopic grounds has accordingly been developed 
to (II1) where the bP of the peri-dihydroxyquinone system would presumably 
permit the introduction of two amino-groups, etc., at positions 1 : 7 or 6:12. The perylene 
ring system would also provide mellitic acid in the nitric acid oxidation (Part II, Joc. cit.). 

These views rest, of course, on the assumption that the introduction of amino-groups, 
etc., proceeds by a normal | : 4-addition process. In view of the recent work of Adams and 
Holmes (J. Amer. Chem. Soc., 1952, 74, 3033, 3038) it is also possible that 1 : 8-addition 
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might occur in such a system; if this were so, there would presumably be much less steric 
resistance to the introduction of groups at positions 2, 5, 8, or 11 in (III). It is unfortunate 
that no work seems to have been done on the addition reactions of quinones of this type, 
e.g., the perylene-3 : 10-quinones. We are accordingly investigating the structural features 
necessary for such ready addition, and the results will be reported later. 


EXPERIMENTAL 


Diaminoerythroaphin-fb.—A solution of erythroaphin-fb (505 mg.) in purified dioxan (200 c.c.) 
containing water (20 c.c.) and quinol (1-25 g.) was kept at 70° under reflux while a slow stream of 
amnronia and a faster stream of air were bubbled through it. After 14 hours the mixture was 
cooled and poured into light petroleum (b. p. 40—60°; 800c.c.). The green aqueous layer was 
separated, washed with more petroleum, and acidified with hydrochloric acid (150 c.c. of 10%). 
The red solution was filtered, diluted with water (150 c.c.), cooled, and partially neutralised 
with sodium hydroxide solution (100 c.c. of 10%). The pigment was then extracted into 
chloroform (100 c.c.; then 3 x 50 c.c.) and purified by extraction from the filtered chloroform 
solution into hydrochloric acid (3 x 25 c.c. of 10%), and then back again into chloroform 
(100 c.c.; then 2 x 50 c.c.) after dilution with ice and water and addition of sodium hydroxide 
solution (50 c.c. of 10%). When the filtered chloroform solution was concentrated and the 
volume maintained by addition of ethanol, diaminoerythroaphin-fb (212 mg.) separated as small 
crystals. These were dissolved in chloroform (50 c.c.) and shaken for 18 hours with saturated 
sodium hydrogen carbonate solution. The precipitate, largely consisting of impurities, was 
separated and washed with a little chloroform and the combined chloroform solutions were dried 
and concentrated, as before, with gradual addition of ethanol, to yield the product as deep red 
plates. For analysis it was recrystallised from the same solvents and dried for 6 hours at 
110°/2 x 10mm. (Found: C, 64-5; H, 4:9; N, 4-9. C,,H,,N,O,,H,O requires C, 64-5; H, 4-7; 
N, 5-0%). Light absorption in chloroform containing 5% of ether: Max. at 595, 567, 526, 489, 
454, 429, 335, and 255 mu; log e 3-77, 4-23, 4-05, 3-76, 4-55, 4-42, 3-63, and 4-56 respectively. 
The infra-red spectrum of diaminoerythroaphin-fb as a mull in Nujol showed maxima at 697, 
722, 762, 775, 797, 833, 855, 921, 980, 996, 1017, 1053, 1063, 1080, 1161, 1205, 1236, 1290, 1575, 
and 1629 cm... The compound is insoluble in ether but readily dissolves in chloroform to a 
red solution from which it can be extracted by dilute hydrochloric acid (6%) or aqueous resorcinol 
(50%). Ina partition between aqueous methanol (50%) and carbon disulphide, the distribu- 
tion was equal in each phase. As with erythroaphin, alkaline solutions are green and the sodium 
salt is insoluble in water. Diaminoerythroaphin-fb is stable to hot pyridine, to cold concentrated 
sulphuric acid, and to saturated sodium hydrogen carbonate solution. Mild reduction in acid 
or alkali gives the quinol reversibly, but stronger reduction causes deamination (see below). 
On an ascending paper chromatogram the compound gave discrete spots at Ry 0-63, with 
acetic acid—10% hydrochloric acid (1:3) as solvent, and at R, 0-85 with acetic acid—10% 
hydrochloric acid (1:1). The characteristic colour change with acetic anhydride and sulphuric 
acid (Blount, /J., 1936, 1034; Part II, loc. cit.) occurred very slowly with diaminoery- 
throaphin and was not observed for about 1 hour under the normal reaction conditions. 

The hydrochloride of the amine crystallised from a solution of the free amine in hydro- 
chloric acid (8n). When shaken with water and chloroform the salt dissociated and the free 
base was obtained in the chloroform layer. 

Dihydroxyerythroaphin-fb.—(i) From  diaminoerythroaphin-fb. Diaminoerythroaphin-fb 
(100 mg.) was dissolved in concentrated hydrochloric acid (1 ¢.c.), acetic acid (3 c.c.), and water 
(6 c.c.). More hydrochloric acid (20 c.c. of 10%) was added to the cooled solution which was 
kept at 0° while a cooled solution of sodium nitrite (280 mg.) in water (200 c.c.) was added. 
The progress of the reaction was again followed by partition between ether and hydrochloric 
acid (10%) and by this means it was found that the reaction was virtually complete after 10 
minutes. Excess of nitrite was destroyed with ammonium sulphamate, and the pigment ex- 
tracted into ether (200 c.c.). The ethereal extract was washed with hydrochloric acid (10%) 
and then tartaric acid (0-5%), filtered if necessary, and concentrated. On addition of ethanol, 
dihydroxyerythroaphin-fb (45 mg.) crystallised as red prismatic needles which when heated 
decomposed without melting. 

For analysis the substance was twice recrystallised from acetone and dried for 4 hours at 
100°/1 x 10 mm. (Found: C, 66-6; 66-6; H, 4-4, 4:2; N, 0-0. C,,H,.0,, requires C, 66-4; 
H, 4:1%). Light absorption in chloroform containing 5% of ether: Max. at 595, 567, 526, 490, 
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453, 426, 333, 320, and 253 my; log e 3-76, 4-23, 4-06, 3-73, 4-62, 4-46, 3-66, 3-62, and 4-58 
respectively. The spectrum in strong acids (cf. erythroaphin-sl; Part III, J., 1950, 485), 
only momentarily visible in 70% sulphuric acid because of instability, can be observed with 
solutions in 60% perchloric acid or in acetic acid saturated with boric acid. The infra-red 
spectrum of a mull in Nujol showed maxima at 699, 771, 833, 869, 935, 944, 973, 1013, 1052, 
1063, 1070, 1085, 1114, 1167, 1205, 1224, 1250, 1294, 1307, 1481, 1513, 1555, 1580, 1629, and 
3268 cm.-. 

The compound is stable in hot pyridine but rapidly changes from red to green in cold 70% 
sulphuric acid. It is also decomposed when chloroform or ether solutions are shaken with 
phosphate buffers of pH 5—8, saturated sodium hydrogen carbonate solution, or even water. 
Mild reversible reduction can be achieved in acid or alkaline media but stronger reduction 
causes dehydroxylation and formation of erythroaphin-fb (see below). In a partition between 
aqueous methanol (90%) and carbon disulphide, some 85% is retained in the methanol layer 
and it can be completely extracted from chloroform by 33% aqueous resorcinol. As in the case 
of erythroaphin, acid or neutral solutions are red and alkaline solutions are green. The sodium 
or potassium salts can be crystallised from alcohol or water as deep green prisms. The charac- 
teristic phase of the Blount colour reaction is passed too rapidly for observation unless acetic 
anhydride—phosphoric acid is used; the colour is then more purplish than that given by erythro- 
aphin. 

(ii) From erythroaphin-fb. A solution of erythroaphin-fb (500 mg.) and powdered potassium 
permanganate (1-0 g.) in pyridine (75 c.c.) containing a few drops of water was heated on a 
water-bath for 2 hours. The precipitated manganese dioxide was separated and washed with hot 
pyridine, the combined pyridine solutions were poured on ice (250 g.) and concentrated hydro- 
chloric acid (100 c.c.), and the red precipitate was extracted with chloroform (4 x 100 c.c.). 
The red chloroform extracts were washed with water and then shaken thoroughly with n- 
sodium carbonate to extract the acidic product. The green aqueous layer was quickly washed 
with fresh chloroform and acidified with hydrochloric acid (3N). The red precipitate was 
extracted with chloroform, and the extract washed, dried, evaporated to small bulk (10 c.c.), 
and cooled to 0°. The product then separated as small red needles (55-2 mg.) which were 
recrystallised from acetone (Found, in material dried at 115°/0-1 mm. for 9 hours: C, 66-7; 
H, 4:0%). The ultra-violet and infra-red spectra of the product were identical with those 
recorded for the product obtained by the preceding method. 

Erythroaphin-fb.—(i) From diaminoerythroaphin-fb. Diaminoerythroaphin-fb (100 mg.) 
was stirred in acetic acid (10 c.c.) at 90° and zinc dust (2-5 g.) was added during 2 minutes. 
The mixture was separated from the zinc which was washed with hot acetic acid. The combined 
filtrate and washings were poured into chloroform (100 c.c.), and a stream of air was bubbled 
through the solution in order to re oxidise the pigment. The chloroform solution was thoroughly 
washed with sulphuric acid (64%) and then shaken overnight with sodium hydrogen carbonate 
solution. The filtered and washed chloroform solution gave erythroaphin-fb (20 mg.) as red 
needles, preferably separated from the hot solution by concentration and then addition of hot 
ethanol. For analysis it was twice recrystallised from chloroform-ethanol (Found: C, 70-25; 
H, 4:55. Cale. for C,,H,.0,: C, 70-6; H, 4:35%). The ultra-violet and infra-red spectra 
agreed with those for authentic erythroaphin-fb (Parts II and V, locc. cit.). 

(ii) From dihydroxyerythroaphin-fb. Dihydroxyerythroaphin-fb (38-6 mg.) was stirred with 
acetic acid (4 c.c.) and dioxan (1 c.c.) ina bath at 75—80°. Zinc dust (1 g.) was added, and the 
mixture stirred for 1] minute, cooled, and diluted with 1: 1:1 (vol.) acetic acid—ether-chloro- 
form. The zinc dust was separated and washed with more of the same solvent mixture. The 
filtrate was diluted with water, and the dissolved pigment re-oxidised by shaking it in air. 
Acid was removed from the organic layer with sodium hydrogen carbonate solution, and the 
chloroform-ether solution was then shaken for a further 2} hours with an equal volume of 
saturated aqueous sodium hydrogen carbonate. Any solid material was separated from the 
organic layer, the solvent removed, and the residue dissolved again in pure chloroform. Further 
purification was effected by extracting the chloroform thoroughly with sulphuric acid (64%) 
and then transferring the pigment out of chloroform into sulphuric acid (72%) and finally back 
into chloroform by dilution (Part III, Joc. cit.) The chloroform solution was shaken overnight 
with saturated sodium hydrogen carbonate solution, washed, filtered, and concentrated, and the 
erythroaphin-fb (12 mg.) crystallised by addition of hot ethanol (Found, in material dried at 
125°/10 mm. : C, 70-7; H, 4:35%). The ultra-violet and infra-red spectra were identical w*th 
those of erythroaphin-fb. 

Hydroxyerythroaphin-fb.—Erythroaphin-fb (500 mg.) was added to cold acetic anhydride 
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(100 c.c.) containing perchloric acid (10 drops of 60%), and the mixture stirred at 0° for 6} 
hours whereafter the characteristic visible spectral lines of erythroaphin were no longer visible 
and the solution was blue with a powerful red fluorescence. Excess of anhydride was decomposed 
by adding the mixture to cold saturated sodium acetate solution (400 c.c.) and stirring for 1 
hour at 0°. The intermediate dihydro-hydroxyerythroaphin-fb penta-acetate was extracted 
with ether (250 c.c.), and the extract thoroughly washed with 1% hydrochloric acid and then with 
sodium hydrogen carbonate solution. The yellow ethereal solution was now shaken with meth- 
anolic sodium hydroxide (3 c.c. of 10% aqueous sodium hydroxide in 27 c.c. of methanol) for a 
few minutes to convert the product into the green sodium salt of hydroxyerythroaphin-fb. The 
mixture was shaken with water, the aqueous layer separated and acidified with hydrochloric 
acid, and the product extracted with chloroform (250c.c.). The chloroform extract was purified 
by shaking it for 3 hours with saturated sodium hydrogen carbonate solution and then filtered, 
washed, and concentrated. Addition of hot ethanol caused crystallisation of hydroxyerythro- 
aphin-fb (362 mg.) as red needles and a further quantity (40 mg.) was obtained by concentration 
of the mother-liquors. For analysis a sample was recrystallised from chloroform-ethanol and 
dried at 110°/2 x 10* mm. (Found: C, 68-45, 68-4; H, 4-25, 4-2. C,,H,,O, requires C, 68-4; 
H, 4-2%). Light absorption in chloroform containing 5% of ether: Max. at 592, 563, 523, 488, 
450, 425, 334, 319, and 254 mu; log « 3-81, 4:21, 4-05, 3-73, 4-59, 4-46, 3-64, 3-61, and 
4-57 respectively. The infra-red spectrum of a mull in Nujol showed maxima at 721, 741, 766, 
787, 827, 840, 867, 887, 942, 974, 1001, 1070, 1079, 1093, 1166, 1209, 1250, 1292, 1477, 1511, 
1587, 1631, and 3226 cm.. Hydroxyerythroaphin-fb is more stable to hot pyridine than 
erythroaphin. It is slowly decomposed by cold concentrated sulphuric acid but chloroform 
solutions are stable to sodium hydrogen carbonate solution unlike those of the dihydroxy- 
compound. Reversible reduction can be achieved under mild acid or alkaline conditions but 
stronger reduction causes dehydroxylation. The compound can be extracted from chloroform 
by sulphuric acid (68%) or by aqueous resorcinol (50%). In a partition between aqueous 
methanol (90%) and carbon disulphide, about 20% is retained in the methanol layer. Hydroxy- 
erythroaphin forms red solutions in acidic or neutral solvents and green solutions in alkali. 

Erythroaphin-fb from Hydroxyerythroaphin-fb.—(i) Zinc dust (1 g.) was added to a solution 
of hydroxyerythroaphin-fb (100 mg.) in boiling acetic acid, and the mixture shaken for 1 minute 
on the steam-bath. Chloroform and ether were added and the acetic acid was shakeu out with 
water. Sodium hydroxide (100 c.c. of N) was added to precipitate the erythroaphin-fb as its 
green sodium salt which was separated and dissolved in chloroform containing acetic acid. The 
solution was thoroughly washed with water, sodium hydrogen carbonate solution, and finally 
sulphuric acid (64%). The pigment was then purified as described in the preparation from 
dihydroxyerythroaphin-fb (above) (Found, in a sample dried at 125°/10-? mm.: C, 70-45; H, 
4-55%). The ultra-violet and infra-red spectra were identical with those of erythro- 
aphin-fb. 

(ii) A solution of hydroxyerythroaphin-fb (51 mg.) in aqueous ammonia (d 0-88; 1 c.c.) 
and water (25 c.c.) was heated to boiling and sodium dithionite added in small quantities until 
the solution became orange-red. More sodium dithionite (200 mg.) was then added, the solution 
was boiled and then cooled, and sufficient 10% aqueous sodium hydroxide added to form the 
sodium salt of erythroaphin-fb after aerial oxidation. The sodium salt was separated, washed 
with dilute sodium hydroxide solution, and treated as in the previous experiment, to yield 
erythroaphin-fb (20 mg.) as red needles (Found: C, 70-3; H, 4:2%). The ultra-violet and 
infra-red spectra were identical with those of erythroaphin-/b. 

Dipiperidinoerythroaphin-fb.—Erythroaphin-fb (25 mg.) was dissolved as far as possible 
in piperidine (5 c.c.), and the dark-green solution kept at room temperature for 24 hours with 
exclusion of light. The solution was then slowly stirred into ice-cooled hydrochloric acid 
(50 c.c. of 3N), and the dark-red product extracted with chloroform. The combined chloroform 
extracts were washed and dried, and the solvent was removed under reduced pressure. The 
residue was dissolved in hot pyridine (3 c.c.) and to this was added hot methanol (3 c.c.) con- 
taining 20% (v/v) of 3n-hydrochloric acid. After a few minutes a crystalline product separated 
which was twice recrystallised from the same solvent and finally washed free from excess of base 
and hydrochloride with hot water. Dipiperidinoerythroaphin-fb (16 mg.) crystallised in dark 
red plates which charred but did not melt at 200° (Found, in a sample dried at 100°/10-° mm. 
for 3 hours: C, 71-1; H, 56; N, 4-1. CygH,O,N, requires C, 71-0; H, 5-95; N, 41%). 
Light absorption in chloroform: Max. at 260—263, 445—448, 531, 575, and 605 my; log e 
4-52, 4:34, 4-14, 4-30, and 3-84 respectively. A solution of dipiperidinoerythroaphin-fb in 
chloroform was unchanged on irradiation in bright sunlight. The compound was soluble in 
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sulphuric acid (37%), and in stronger sulphuric acid (70%) the spectrum changed to the typical 
oxonium salt type (Part III; loc. cit.). 

Biscyclohexylaminoerythroaphin-fb.—Erythroaphin-fb (250 mg.) was dissolved in a mixture 
of pyridine (20 c.c.) and cyclohexylamine (2 c.c.), and the solution kept at room temperature 
overnight. The mixture was treated as in the foregoing preparation, and the product crystallised 
from pyridine (10 c.c.) and methanol (15 c.c.) containing 20% (v/v) of 3nN-hydrochloric acid ; 
it formed dark red plates (203 mg.). For analysis it was recrystallised twice more from the 
same solvent, washed with hot water, and dried at 100°/10°? mm. (Found: C, 71-2; H, 6-3; 
N, 4:0. C,y,HyO,N, requires C, 71:55; H, 6-3; N, 4-:0%). Light absorption in chloroform : 
Max. at 258, 335, 460,.532, 573, and 606 mu; log e€ 4-55, 3-68, 4-37, 4-11, 4-21, and 3-81 respec- 
tively. In general properties the compound was very similar to the piperidine analogue. 

Erythroaphin -fb.—(i) From  dipiperidinoerythroaphin-fb. Dipiperidinoerythroaphin - fb 
(182 mg.) was suspended in acetic acid (10 c.c.), and zinc dust (2 g.) added. The mixture was 
heated on the steam-bath for 5 minutes with constant shaking, then cooled, and the excess of 
zinc separated. Erythroaphin-fb was formed from its leuco-compound by aerial oxidation, 
and the solution was poured into water (200 c.c.) from which the product was extracted with 
chloroform (3 x 35 c.c.). The product was purified as described in the preparation from di- 
hydroxyerythroaphin-fb (above), and the product (71 mg.) recrystallised from chloroform- 
ethanol (Found: C, 70-2; H, 4.4%). The ultra-violet absorption spectrum in chloroform was 
identical with that of erythroaphin-/b. 

(ii) From biscyclohexylaminoerythroaphin-fb. A similar procedure with dicyclohexylamino- 
erythroaphin-fb (105 mg.) gave erythroaphin-fb (22 mg.) (Found: C, 70-2; H, 4:3%). The 
identity of the product was confirmed by the ultra-violet absorption spectrum. 

Dichloroerythroaphin-fb.—Erythroaphin-fb (100 mg.) in chloroform (30 c.c.) was shaken with 
chlorine water (3 x 25 c.c.). The excess of chlorine was removed with sodium thiosulphate 
solution, and the chloroform finally washed with water and dried. Concentration to small bulk 
followed by addition of hot ethanol caused crystallisation of the product as with erythroaphin 
itself. Dichloroerythroaphin-fb was obtained as fine reddish-brown needles with a green lustre 
(82 mg.) which were recrystallised twice from the same solvent mixture (Found, in a sample 
dried at 100°/10-* mm. for 3 hours: C, 58-0; H, 3-0; Cl, 18°85. C,,H,,Cl,0O,,4CHCI, requires 
C, 57-4; H, 3-2; Cl, 194%). Light absorption in chloroform : Max at 263, 345, 450—452, 525, 
and 566 mu; log « 4-80, 3-84, 4-62, 4-31, and 4-42 respectively; inflexion at 470—473 muy (log 
¢ 4-57). The product was soluble in chloroform, sparingly soluble in ether, insoluble in ethanol, 
and soluble in concentrated sulphuric acid to a pinkish-violet solution. It gave an insoluble 
green sodium salt and charred but did not melt at 250°. 

Dibromoerythroaphin-fb.—Erythroaphin-fb (100 mg.) was freeze-dried from dioxan and 
suspended in acetic acid (5c.c.).. Bromine (0-2 c.c.) was added and the suspension stirred for 1 
hour. The mixture was then poured into water (80c.c.) and the precipitate separated and washed 
with water and alcohol. After drying under reduced pressure the product (125 mg.) was 
crystallised three times from chloroform-ethanol and for analysis was dried at 100°/10-* mm. 
overnight (Found: C, 50-3; H, 2-6. C3 ,H,).Br,0,,}CHCI, requires C, 50-2; H, 2-8%). Con- 
sistent halogen analyses could not be obtained with this compound by the conventional Carius 
method but the following semimicro-method gave reproducible results : Dibromoerythroaphin- 
fb (104-6 mg.; dried overnight at 110°/10-° mm.) was weighed into a small glass phial and placed 
inside a Parr bomb with sodium (500 mg.). The bomb was heated at 550° in a muffle furnace 
for 1 hour after which it was cooled and the contents were digested with ethanol (30 c.c.). The 
insoluble residue was separated and washed with distilled water and the combined filtrates were 
acidified with nitric acid (12N; ‘‘ AnalaR ’’), and silver nitrate solution (3 c.c. of 2%) was added 
slowly with stirring. The solution was boiled for 1 minute and set aside for 1 hour before 
determination of the silver halide gravimetrically in the usual manner. The precipitate was 
dried at 140° for 30 minutes before weighing (Found: AgBr-+ AgCl, 86 mg.; 
C3 9HyBr,0,,}CHCl, requires AgBr + AgCl, 85 mg.). In another experiment, dibromoerythro- 
aphin-fb (76-3 mg.) gave 62-5 mg. of mixed silver halides (C,,H,,Br,O,,4CHCI, requires AgBr +- 
AgCl, 62:0 mg.). Erythrophin-fb itself gave no measurable amount of silver halide under these 
conditions. 

Diacetyldibromoerythroaphin-fb.—Pyridine (5 c.c.) was cooled in ice-salt, and acetyl chloride 
(2 c.c.) added dropwise. To this was added a solution of dibromoerythroaphin-fb (217 mg.) in 
pyridine (150 c.c.), and the mixture shaken for 5 minutes before benzene (150 ¢.c.) was added 
and the whole poured on ice (200 g.). The benzene layer was separated, quickly washed with 
water, dried, and concentrated to small volume at reduced pressure. The product was preci- 





[1952] Synthesis of Potential Antibacterial Agents. Part II. 4935 


pitated by the addition of light petroleum (b. p. 40—60”), separated, dried, and purified by chro- 
matography on silica (2 x 11 cm.) in benzene with development by benzene-acetone (100: 1). 
The main orange band was washed through the column, the solvent mostly removed, and the 
product (88 mg.) precipitated by the addition of light petroleum. Rechtomatography as before 
gave only a single band and the product was crystallised by slow evaporation at room temper- 
ature from benzene-light petroleum (b. p. 40—60°), forming long orange-yellow needles [Found : 
C, 54:4; H, 3-1; Br (Carius), 21-25. (C,,H,,Br,0,(O°CO’CH;), requires C, 54-4; H, 3-2; 
Br, 21:3%]. Light absorption in chloroform: Max. at 263, 331—332, 361, and 445—456 mu; 
log e 4:58, 4-28, 4-17, and 4-65 respectively. The acetyl compound was very soluble in benzene 
and was readily deacetylated by alkali or even in hot ethanol. 

Erythroaphin-fb from Dibromoerythroaphin-fb.—The dibromo-compound (144 mg.) was 
suspended in glacial acetic acid (10 c.c.) and zinc dust (2 g.) added. The mixture was heated 
on the water-bath for 30 minutes (the reduction being conveniently followed by observation of 
the visible spectrum through a hand spectroscope) and then poured into water (200 c.c.). The 
product was purified as was the dihydroxyerythroaphin-fb reduction, and the erythroaphin-fb 
(16 mg.) crystallised from chloroform-ethanol as before (Found: C, 70-2; H, 4°5%). The 
ultra-violet absorption spectrum was identical with that of erythroaphin-/b. 
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961. Synthesis of Potential Antibacterial Agents. Part II.* 
A Pyrimidine Analogue of Chaulmoogric Acid. 
By T. D. HEYEs and Joun C. RoBerts. 


A general synthesis for w-(2 : 6-dimethyl-4-pyrimidy])alkane-1-carboxylic 
acids has been devised. Two such acids have been prepared and their 
tuberculostatic activities (in vitro) recorded. Attempts to prepare w-(2- 
pyrimidyl)- and w-(5-pyrimidyl)-alkane-l-carboxylic acids failed. 


CHAULMOOGRA OIL, and esters and salts of its predominating constituent fatty acids, 
chaulmoogric and hydnocarpic acid, have been used in the treatment of leprosy, a disease 
caused by an acid-fast bacterium, Mycobacterium leprae. Since Mycobacterium tuberculosis 
is also an acid-fast organism, interest has developed in the possibility of using these acids 
(or related synthetic compounds) as tuberculostatic agents (for a review see Burger, 
*‘ Medicinal Chemistry,’”’ Intersci. Publ., New York, 1951, Vol. II). In view of the 
chemotherapeutic potentialities of pyrimidine compounds we have prepared 12-(2 : 6- 
dimethyl-4-pyrimidyl)dodecane-l-carboxylic acid (1; m= 12)—an analogue in which 
the cyclopentenyl radical of chaulmoogric acid has been replaced by the 2 : 6-dimethyl 
4-pyrimidy] radical. 


Me Me 
(i) Br-[CH,}_-,CO,Et hw’ 


ns 
— > 
Me AHL (ii) Hydrolysis Me yf (CH )eCO,H (I) 


In preliminary work, we failed to condense 1l-carbethoxyundecanamidine with acety] 
acetone and to prepare ethyl 11l-acetyl-12-ketotridecane-1-carboxylate (required as a 
possible precursor of a 5-pyrimidyl derivative) from sodioacetylacetone and ethyl 
10-bromodecane-l-carboxylate. Having established (J., 1951, 328; 1952, 3065) that 
2: 4: 6-trimethylpyrimidine will undergo a chain-lengthening process in the 4-position 
by reaction of its lithium derivative with an alkyl halide, we tried to modify this 
procedure for our purpose. First, 2: 6-dimethyl-4-pyrimidylmethyl-lithium was 
caused to react with 9-carbomethoxynonanoyl chloride and the product hydrolysed (cf. 
Graef, Fredericksen, and Burger, J. Org. Chem., 1946, 11, 257), but the keto-acid was 

, * Part I, J., 1950, 2842. 
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produced only in poor yield and proved difficult to purify. In the second attempt, the 
ester obtained from the lithium derivative and ethyl 10-bromodecane-1-carboxylate yielded, 
on hydrolysis, the required acid containing eleven methylene groups in the side chain. 

For preparation of the true 2 : 6-dimethyl-4-pyrimidyl analogue of chaulmoogric acid 
we required an 11-bromoundecane-1-carboxylic ester. The methylester had been prepared 
by Hunsdiecker and Hunsdiecker (Ber., 1942, 75, 291) and (impure) by Bhattacharya, 
Saletore, and Simonsen (J., 1928, 2680). We obtained the required halogeno-ester from 
10-bromodecane-l-carboxylic acid by the Arndt—Eistert method. The product was 
somewhat impure, probably owing to contamination with the 1l-ethoxy-ester produced 
by reaction of the bromo-compound with the silver oxide and ethanol during the homolog- 
ation process. This, however, was irrelevant for our purpose, so the impure ethyl 11-bromo- 
undecane-l-carboxylate was caused to react with 2: 6-dimethyl-4-pyrimidylmethyl- 
lithium, yielding an ester which, on hydrolysis, gave the 2: 6-dimethyl-4-pyrimidyl 
analogue of chaulmoogric acid. 

In view of the general availabillty of w-halogeno-esters (Hunsdiecker and Hunsdiecker, 
loc. cit.) this synthesis may be regarded as general for acids of this type. Unfortunately, 
it apparently cannot be extended to acids containing other pyrimidyl radicals (Heyes 
and Roberts, J., 1951, 328). 

w-(2 : 6-Dimethyl-4-pyrimidyl)undecane-l-carboxylic acid (I; = 11) possessed a 
tuberculostatic activity of only 1, and the corresponding derivative of dodecane-1- 
carboxylic acid (I; = 12) of 5 (10).* We are much indebted to Messrs. Boots Pure 
Drug Co. for determining these activities. 


EXPERIMENTAL 

Ethyl 10-Cyanodecane-1-carboxylate.—A solution of 14-6 g. (1:0 mol.) of ethyl 10-bromo- 
decane-l-carboxylate (Ashton, Robinson, and Smith, /., 1936, 284) and potassium cyanide 
(13 g., 4-0 mols.) in ethanol (100 c.c.) and water (20 c.c.) was boiled under reflux for 3 hours, 
cooled, and shaken with water (500 c.c.). The insoluble portion was collected in ether, and 
the ethereal extract was washed with water, dried (Na,SO,), and filtered. Removal of the ether 
and distillation in vacuo of the residue yielded ethyl 10-cyanodecane-1-carboxylate (5 g.), b. p. 
196—198°/11 mm. (Found: N, 5-8. C,,H,,0,N requires N, 5-9%). 

11-Carbethoxyundecanamidinium Chloride.—Dry hydrogen chloride was passed into ethyl 
10-cyanodecane-1-carboxylate (5 g., 1 mol.) and dry ethanol (1 g., 1-04 mols.), cooled in ice, 
until 0-82 g. had been absorbed. After the mixture had been left at room temperature for 
14 hours, ether (5 c.c.) was added and the precipitated ethyl imidate hydrochloride was filtered 
off. To a solution of this in dry ethanol (15 c.c.) was added dry ethanolic ammonia (50 c.c. 
of 9%), and the whole was shaken thoroughly. After 1 hour at room temperature, the solution 
was concentrated. The precipitated ammonium chloride was filtered off and the filtrate 
taken to dryness. The wax-like residue was purified by dissolution in 2-ethoxyethanol and 
precipitation by dry ether. Crystallisation from benzene yielded the chloride (2-0 g.) as wax- 
like plates, m. p. 79° (Found: C, 57-7; H, 9-6; N, 9-7. C,gH.O,N,Cl requires C, 57-4; H, 
10:0; N, 9-6%). 

10-Carbamyldecane-1-carboxylic Acid.—The amidinium chloride (1 g., 1-1 mols.), in ethanol 
(10 c.c.), was added to acetylacetone (0-3 g., 1-0 mol.) and sodium ethoxide (0-8 g., 4 mols.) 
in dry ethanol (15 c.c.), kept for 6 days at room temperature, diluted with water (20 c.c.), and 
heated under reflux for 1 hour. The resulting solution, after dilution with water, was strongly 
acidified and filtered. Ether-extraction of the filtrate (after it had been brought to pH 6-5) 
yielded no product. The precipitate (ca. 0-7 g.), crystallised from aqueous ethanol, yielded 
10-carbamyldecane-1-carboxylic acid as prisms, m. p. 143° (Found: C, 62-4; H, 9-7. C,.H,;0,N 
requires C, 62-8; H, 10-1%). 

9-Carbomethoxynonanoyl Chloride—Methyl hydrogen sebacate (20 g.) and thionyl chloride 
(60 g.) were heated together under reflux for 4 hours and the product, b. p. 166—168°/14 mm., 
was isolated in the usual way. Morgan and Walton (J., 1936, 902) record b. p. 177°/23 mm. 

10 - (2: 6 - Dimethyl - 4 - pyrimidyl) - 9 - ketodecane - 1 - carboxylic Acid.—2 : 4: 6- Trimethy]l - 
pyrimidine (jJ., 1952, 3066) (10-4 g., 1 mol.) in dry ether (50 c.c.) was added with stirring and 
cooling to phenyl-lithium (7-14 g., 0-97 mol.) in dry ether (150 c.c.) under nitrogen. After the 
mixture had been heated under reflux and stirred for 15 minutes, 9-carbomethoxynonanoyl 


* For explanation of these figures and details of bacteriological test see Part I, Joc. cit. 
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chloride (18 g., 0-90 mol.) in dry ether (50 c.c.) was added. The mixture was heated under 
reflux with continuous stirring for 3 hours and was then set aside overnight under nitrogen. 
The mixture was shaken with water, and the ethereal layer extracted with 2n-hydrochloric 
acid. The acid extracts were made alkaline and extracted with ether. The ethereal 
extracts were dried (MgSO,) and filtered and the solvent was removed. The residue was heated 
under reflux for 2} hours with 10% ethanolic potassium hydroxide (50 c.c.) and then diluted 
with water, extracted with ether, made distinctly acid with a 2N-hydrochloric acid, and again 
extracted with ether. (Both lots of these ethereal extracts were discarded.) The pH of the 
aqueous layer was brought to 6-5 and the emulsion so formed was extracted with ether. This 
ethereal extract was dried (MgSO,), filtered, and evaporated. The residue was extracted with 
hot light petroleum (b. p. 100—120°). When this extract was cooled crystals were deposited 
(0-05 g.), which were heated with charcoal in methanol and filtered. Evaporation of the solvent 
from the filtrate and crystallisation of the residue from light petroleum (b. p. 100—120°) yielded 
tan-coloured needles, to a solution of which in benzene there was added light petroleum (b. p. 
60—80°) until a turbidity appeared. The first-formed yellow precipitate was filtered off. 
Addition of more light petroleum precipitated 10-(2 : 6-dimethyl-4-pyrimidyl) -9-ketodecane- 
l-carboxylic acid (8-5 mg.) as prisms, m. p. 96—97° (Found: C, 66-7; H, 91. C,,H,,O,N, 
requires C, 66-6; H, 8-6%), insoluble in water but readily soluble in hydrochloric acid or sodium 
hydroxide solution. 

11-(2 : 6-Dimethyl-4-pyrimidyl)undecane-l-carboxylic Acid (1; m = 11).—2: 6-Dimethyl- 
4-pyrimidylmethyl-lithium (from 2: 4: 6-trimethylpyrimidine, 10-0 g., and phenyl-lithium, 
6-7 g.) was treated with ethyl 10-bromodecane-1-carboxylate (22-6 g., 0-94 mol.). The product 
was isolated and hydrolysed as before. The diluted alkaline solution of the product was washed 
with ether, then made distinctly acid, and again washed with ether. The ethereal washings 
were discarded. When the pH of the washed aqueous layer was adjusted to 6-5 a tarry 
precipitate was obtained which was filtered off, dried, and extracted with hot light petroleum 
(b. p. 100—120°). The light petroleum solution was cooled and the deposited crystalline 
material (1-8 g.) was collected. A solution of this crude material in N-hydrochloric acid was 
warmed with charcoal and filtered. Adjustment of the pH to 6-5 led to the separation of a 
solid which on recrystallisation from light petroleum (b. p. 100—120°) yielded 11-(2 : 6-dimethyl- 
4-pyrimidyl)undecane-1-carboxylic acid, prisms, m. p. 94° [Found: C, 70-3; H, 9-9; N, 89%; 
equiv. (by titration of an ethanolic solution with aqueous potassium hydroxide), 306-1. 
C,gH 3,0,N, requires C, 70-6; H, 9-9; N, 9-1%; equiv., 306-4). 

Ethyl 11-Bromoundecane-1-carboxylate.—10-Bromodecane-1l-carboxylic acid (22 g.) (Ashton 
and Smith, J., 1934, 438) was heated under reflux with thionyl chloride (19 c.c.) for 1 hour 
and the excess of the reagent removed in a vacuum. Distillation gave a fraction (14-7 g.), 
b. p. 186°/16 mm., which was added in dry ether (50 c.c.) during 15 minutes at 0—5° to ethereal 
diazomethane (from methylnitrosourea, 30 g.). The mixture was kept at room temperature 
for 1 hour and then evaporated in vacuo at 25°. The solid residue was heated in dry ethanol 
(100 c.c.) to 55—60°. Dry silver oxide (6-8 g.) in dry ethanol (30 c.c.) was added, in portions. 
The mixture was then raised to the b. p. and filtered. Distillation then gave impure ethyl 
11-bromoundecane-1l-carboxylate (7 g.), b. p. 139—142°/0-4 mm. (Found: C, 56-0; H, 9-7; 
Br, 24-5. (C,,H,,O,Br requires C, 54-7; H, 8-9; Br, 26-0%. Calc. for a mixture with 8% of 
ethyl 11-ethoxyundecane-l-carboxylate: C, 56-0; H, 9-1; Br, 23-9%). 

12-(2 : 6-Dimethyl-4-pyrimidyl)dodecane-1-carboxylic Acid (1; n = 12).—The lithium deriv- 
ative, prepared from 2: 4: 6-trimethylpyrimidine (2-8 g., 1-0 mol.), was caused to react with 
the foregoing ester (7-0 g., ca. 0-9 mol.). The product was isolated and hydrolysed and the 
12-(2 : 6-dimethyl-4-pyrimidyl)dodecane-1-carboxylic acid purified as described for the lower 
homologue. Recrystallisation of the purified material (0-1 g.) from light petroleum (b. p. 
100—120°) yielded platelets, m. p. 96-5° (Found: C, 71-2; H, 10-0; N, 8-0. C,,H;,0,N, 
requires C, 71-2; H, 10-1; N, 8-7%). 

Note.—In the case of the w-dimethylpyrimidylketoalkanecarboxylic acid and the two 
«-dimethylpyrimidylalkanecarboxylic acids it was not possible to obtain satisfactory analytical 
figures for nitrogen. In general, results by the Dumas method were high and those by the 
Kjeldahl method low. The two values quoted above were obtained by the Kjeldahl method. 
The literature contains instances in which unsatisfactory nitrogen values (with concomitant, 
excellent values for carbon and hydrogen) are recorded for derivatives of methylpyrimidines 
(see, e.g., Grewe, Z. physiol. Chem., 1936, 242, 94). 

THE UNIVERSITY, NOTTINGHAM. [Received, September 9th, 1952 
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962. Studies on the Behaviour of Halides of the Transition Metals with 
Ammonia. Part I. The Reaction of Niobium Pentachloride with 
Ammonia. 


By G. W. A. Fow es and F. H. Po.iarp. 


Ammonium chloride has been shown to form only a triammoniate with 
ammonia, and the dissociation pressure of this compound has been measured 
over the temperature range —23° to —63°. The reaction between niobium 
pentachloride and ammonia has been investigated tensimetrically at 
—36°, —44°, and —63°, and explained by the formation of the amido-chloride 
NbCl,(NH,), and ammonium chloride. This amido-chloride is obtained in 
a pure state by heating the reaction product im vacuo to 200°, ammonium 
chloride subliming away ; further heating decomposes the amido-chloride with 
the eventual formation of the nitride NbN at 800°. 


[HE complexes formed by ammonia and the halides of the characteristic elements of 
Groups 1VB and VB have been studied fairly completely (cf. Fernelius et al., Chem. Reviews, 
1940, 26, 4) ; in general, ammonolysis decreases with increasing atomic w eight of the metal. 
For example, silicon tetrachloride is completely ammonolysed with the formation of 
the amide Si(NH,),, but only three of the four chlorine atoms in stannic chloride are 
replaced. 

With the exception of tantalum pentachloride, the reaction of the A sub-group halides 
with ammonia has not been investigated in any detail, and our researches have been directed 
towards elucidating their behaviour, and the thermal decomposition of the complexes. 

The reaction between niobium pentachloride in ethereal solution and ammonia was 
reported by Smith and Hall (Chem. News, 1905, 92, 276) to give a heavy precipitate, which 
they suggested was a mixture of ammonium chloride and a nitride of niobium. Removal of 
ammonium chloride with water left a white residue which was thought to be Nb,N,. 
These ideas are incorrect, since any nitrogen complex produced in the initial reaction would 
be hydrolysed. 

The analogous reaction of ammonia with tantalum pentachloride was first investigated 

by Linder and Feit (Z. anorg. Chem., 1924, 132, 13), who obtained an unstable yellow 
complex. Later, Moureu and Hamblet (J. Amer. Chem. Soc., 1937, 59, 33) carried out the 
reaction with boiling liquid ammonia (—33-5°), and obtained a pale yellow, heterogeneous 
product on evaporation of the excess of ammonia. These workers concluded from tensi- 
metric observations at 0° that two of the original five chlorine atoms had been replaced by 
amino-groups, giving the composition TaCl,(NH 4) 9,7NH, + 2NH,C1,3NHz;, corresponding 
to the addition of 17 moles of ammonia to each mole of tantalum pentachloride. By 
heating this mixture to 250° and then treating it with more liquid ammonia, an increased 
ammonolysis was obtained. Spacu (Z. anorg. Chem., 1937, 232, 225) also indicated the 
initial addition of ammonia at low temperatures, ammonolysis only taking place at 0°. 

Brubaker and Young (personal communication) have found that, although niobium 
trichloride reacts only incompletely with gaseous ammonia (the reaction product coating 
the trichloride and preventing any further reaction), nevertheless, ammonium chloride 
is formed and can be sublimed away or extracted by liquid ammonia. 

Ammonium chloride is a probable product of the reaction of niobium pentachloride with 
liquid ammonia, and Troost (Compt. rend., 1879, 88, 578), Abe et al. (J. Soc. Chem. Ind. 
Japan, 1936, 39, 18), and Spacu and V oichesc u (Z. anerg. Chem., 1937, 233, 197) have shown 
that ammonium chloride combines with ammonia at low temperatures and forms a tri- 
ammoniate, NH,Cl,3NHg,, but their values for its dissociation pressures are not consistent, 
and in no case have they been measured below —50°. Troost also reports the existence 
of a hexammoniate, although Spacu and Voichescu’s work did not confirm this. Spacu 
(Z. anorg. Chem., 1937, 232, 225) has suggested, however, that the triammoniate is non- 
existent at 0°, and in fact decomposes at —27°. 

We have made a careful study of the reaction at —44° and —63°, and have shown that 
only the triammoniate exists, which is stable to at least —23°. 
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Experimental work now described shows that niobium pentachloride takes up 18 
moles of ammonia at temperatures between —36° and —63° (Figs. 1b and Ic). At this 
point, the pressure-composition curve becomes horizontal with a pressure value corre- 
sponding to the dissociation pressure of ammonium chloride triammoniate, and remains so 
until six moles of ammonia have been removed. This suggests that 6 moles of ammonia 
in the complex are bound as the ammoniate of ammonium chloride, and that two of the 
five chlorine atoms in niobium pentachloride have been replaced by amino-groups according 
to the equation NbCl, + 18NH; = NbCIl,(NH,).,8NH, +- 2NH,C1,3NH,. A further 3 moles 
of ammonia are lost at the reaction temperature, leaving a complex with the overall 
composition NbC1,,9NH3, and probable composition NbCl,(NH,).,5NH, + 2NH,Cl. 

The five loosely-bound ammonia molecules are lost in two stages when the complex 
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is heated to 160°, and a mixture of ammonium chloride and the amido-chloride NbCl,(NH,), 
is left. Since all five ammonia molecules are given up quite readily, this simple mechanism 
seems more likely than one involving the breakdown of complex niobium 
‘NH, Cl)’ anions of the type (I). The ammonium chloride present sublimes as the 
NH : NBOCI temperature is raised (cf. Moureu on tantalum pentachloride). 
"a The subsequent decomposition of this amido-chloride is complicated 
: by the simultaneous production of ammonia, hydrogen chloride, and a 
mixture of nitrogen and hydrogen. Probably hydrogen chloride and 
ammonia are produced by competing reactions, and being dry, only slowly combine 
to form ammonium chloride on the vessel walls. The permanent gases present are most 
likely due to the catalytic breakdown of ammonia by the mixture of niobium-nitrogen— 
chlorine. compounds formed at 350° (similar to the catalytic effect of iron nitride). The 
compound produced by 8 hours’ heating at 800° is almost chlorine-free, but contains 
less nitrogen than would be expected for NbN. Many of these nitrides, however, 
are unstable in vacuo, Pollard and Woodward (Trans. Faraday Soc., 1950, 46, 190) having 
shown, for example, that titanium nitride decomposes at 900°, so niobium nitride may be 
formed in the first instance, and subsequently decomposed slowly on prolonged heating. 
This seems particularly likely since the sample which was heated for 8 hours contained less 


nitrogen than that heated for only 2 hours, and in both cases a niobium metal mirror was 
formed. 


_NH, 
(I) 


EXPERIMENTAL 
Niobium pentachloride was prepared by the action of chlorine on niobium metal at 400°, 


and purified by sublimation as suggested by Alexander and Fairbrother (J., 1949, S 223). 
Analysis confirmed the purity of the product (Found: Nb, 34-1; Cl, 66-0. Calc. for NbC1I, : 
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Nb, 34:4; Cl, 65-6%). Liquid ammonia was obtained in cylinders from Imperial Chemical 
Industries Limited, dried with sodium, and distilled into a storage vessel under vacuum. 

Low-temperature baths. Solid—liquid equilibrium baths were found convenient, since they 
maintained a constant temperature for at least 15 hours before they had to be renewed. The 
materials used for this purpose were: Carbon tetrachloride, —23-0°; bromobenzene, —30-6°; 
ethylene dichloride, —36-0; tetrachloroethane, —44-0°; chloroform, —63-0°. These baths 
were made by passing liquid air through a glass spiral immersed in a Dewar vessel of one of the 
above liquids until a thick slush had formed. Ordinary technical chemicals were used, resulting 
in general in an initial freezing point rather lower than that of the pure substance, the tem- 
perature reaching the true value after several hours. The temperature of these baths was 
measured with an ammonia vapour-pressure thermometer, except for carbon tetrachloride, 
for which a calibrated pentane thermometer was used. 

Tensimetric Investigation of the Ammonium Chloride—Ammonia Reaction.—The experimental 
procedure will be described in some detail, since it is the same as that used for the study of the 
niobium pentachloride—-ammonia reaction. 

A weighed quantity of ‘‘ AnalaR "’ ammonium chloride was pumped under high vacuum for 
2 davs to remove any water vapour. Ammonia (8 moles per mole of ammonium chloride) was 
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condensed on to the ammonium chloride, which was then surrounded by a suitable low-temper- 
ature bath for 18 hours. The pressure of ammonia in the apparatus was measured with a mercury 
manometer, and then 0-5—1-0 mole of ammonia was removed by exposure to a calibrated bulb, 
cooled in liquid oxygen. When the system had again reached equilibrium (assumed if no further 
pressure change occurred after 6 hours), the pressure was observed, and a further measured 
quantity of ammonia removed. In this way, successive ammonts of ammonia were taken off 
until all the ammonia originally added had been removed. 

The equilibrium pressure—composition values obtained for the reaction at —44°, plotted in 
Fig. la, give a curve having three distinct sections: (1) A horizontal portion which evidently 
corresponds to free ammonia in the system; (2) an almost vertical section; (3) a second horizon- 
tal part at 43-8 mm., corresponding to the univariant system NH,C1,3NH, <> NH,Cl + 3NHs. 

The equilibrium pressure of ammonia in this system was measured over the temperature 
range —63-7° to —23°; the values obtained are shown in the Table. The temperatures quoted, 
which are accurate to -+0-1°, are somewhat lower than the true values eventually attained by 
the low-temperature baths. The pressure was first measured at the highest temperature, and 
then another freshly prepared bath was placed around the reaction bulb and the new equilibrium 
pressure measured after 3—4 hours. 


Equilibrium pressures of ammonium chloride triammoniate. 
23-2 -30-7 -36-7 —44-7 
Press., mm 229-0 129-7 84-8 43-8 


The equilibrium pressure and absolute temperature are related by the equation 
logig Pmm. = —1909-5/T +- 10-0012 
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over the temperature range 0° to —63-9°; and this equation takes into consideration the values 
of Abe and Troost above —23°. From our equation, the dissociation energy of the triammoniate 
is calculated to be 8-74 kcal. The reaction at —63° gives an analogous pressure—composition 
curve, and in neither case is there any evidence for the formation of a hexammoniate. 

Tensimetric Study of the Niobium Pentachloride-Ammonia Reaction.—By using a similar 
technique, equilibrium pressure-composition curves have been obtained at —63°, —44°, and 
— 36°, the last two being produced in Figs. 1b and lc. The curve obtained at —63° was of the 
same shape. 

These curves are completely reproducible, but it is necessary to allow at least 12 hours 
between each pressure reading for equilibrium to be fully attained. This long equilibrium time 
is probably a result of the slow diffusion of ammonia through the surface layers of decomposed 
material (cf. Moureu). Bowden (‘‘ The Phase Rule and Phase Reactions,’’ Macmillan, 1950, 
p. 70) discusses this topic in some detail in connection with the dehydration of hydrates. 

More nearly ideal curves may be obtained by using larger amounts of niobium pentachloride, 
but this of course lengthens the equilibrium time. The most convenient amount was found to be 
about 1 g. 

At each reaction temperature, the compound left after the removal of excess*of ammonia 
had the composition NbC1,,9NH,, and was an almost colourless substance which lost ammonia 
readily when warmed to room temperature, and was rapidly hydrolysed. 

Thermal Decomposition of NbCl;,9NH,;.—Preliminary experiments indicated that the com- 
plex NbC1,,9NH, decomposed when heated in vacuo with the liberation of ammonia, the 
composition changing from NbC1,;,9NH, at —36° to NbCI,,4NH, at 160°. No other gases 
were evolved while the complex was being heated to this temperature. At higher temperatures, 
ammonium chloride, hydrogen chloride, nitrogen, and hydrogen were evolved, leaving a sub- 
stance with a composition approximating to NbN at 800°. 

The complex NbC1,;,9NH, was heated in vacuo for 2 hours at successive intervals of 20°, 
the ammonia liberated at any temperature being condensed into the calibrated bulb and 
measured. For each temperature, the ammonia was mostly given off during the first hour, 
although it was still being evolved slightly at the end of the second hour, indicating the con- 
tinued slow decomposition of the complex. The composition change was investigated in this 
way over the temperature range —36° to 224° (Fig. 3). Even when conditions are varied, the 
curve formed shows a discontinuity, indicating that ammonia is probably given off in two stages : 


(i) NbC1,,9NH, —>» NbCl,,7NH, + 2NH, 
(ii) NbCl,,7NH, —> NbCI,,4NH, + 3NH, 


Although the niobium complex formed initially at —36° is almost colourless, it becomes 
yellow and gradually darkens as the temperature is raised and ammonia is removed. The 
pale yellow substance present at 40° assumes an orange-rust hue at 80° and finally deep rust at 
160°. _ All these complexes are easily hydrolysed. 

Ammonium chloride sublimed on to the cooler parts of the vessel walls between 160° and 
210°, and at 250° the complex turned dark red and hydrogen chloride started to be liberated. 
A mixture of condensable and non-condensable gases was given off at 350° and the compound 
turned black. The amount of permanent gas present was quite small, and was a mixture of 
nitrogen and hydrogen. The condensable gases were evidently a mixture of hydrogen chloride 
and ammonia, since their pressure gradually decreased with the simultaneous deposition of 
ammonium chloride on the walls of the apparatus, leaving finally some condensable gas, which 
was shown by density measurements to be hydrogen chloride. 

The blackish material left had a variable composition, the Nb: N: Cl ratio varying from 
1: 1-59: 2-16 to 1: 1-17: 1-49. This black complex was less easily hydrolysed, although it was 
immediately decomposed by concentrated nitric acid with the formation of hydrated niobium 
pentoxide. 

After being transferred quickly to a quartz tube, the black complex was heated in vacuo to 
800°; more hydrogen chloride was liberated, together with a mixture of nitrogen and hydrogen, 
the hydrogen content varying from 25 to 50%. 

Two samples were heated in vacuo, the first to 800° for 8 hours, and the second was heated 
strongly with a Bunsen burner for 2 hours. In each case, a black shiny mirror, which con- 
sisted of niobium metal containing only a trace of nitrogen, was deposited on the walls of the 
quartz tube immediately outside the hot zone. The main products had a black lustrous 
appearance, and were not easily hydrolysed by water or concentrated acids. With the second 
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sample, addition of concentrated nitric acid produced a vigorous reaction accompanied by 
spontaneous ignition, but after this the product remained fairly inert, and dissolved only 
slowly in boiling nitric acid. This ignition may possibly be due to the formation of hydrogen 
by the action of nitric acid on very finely divided niobium metal present. The products of both 
of these decompositions were dissolved in fused potassium hydrogen sulphate containing a 
little free sulphuric acid, and analysed for niobium, nitrogen, and chlorine in the usual way. 
These analyses suggest the formation of niobium nitride (NbN) which decomposes on prolonged 
heating i” vacuo. 


One of us (G. W. A. F.) thanks the Department of Scientific and Industrial Research for a 
Maintenance Grant. 
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963. Pyrimidines. Part V.* The Synthesis of 5-Amino- 
4-hydroxypyrimidine, a New Isomer of Cytosine. 
By (Miss) M. P. V. BoARLAND and J. F. W. McOMIE. 


5-Amino-4-hydroxypyrimidine has been prepared by the Raney nickel 
desulphurisation of the corresponding 2-ethylthio-compound. The so-called 
trans-x-carbethoxyamino-f-S-ethylthiureidoacrylic acid has been shown to 
be a mixture of the 5-carbethoxyamino- and 5-formamido-derivatives 
of 2-ethylthio-4-hydroxypyrimidine by means of ultra-violet absorption 
spectra studies and by paper chromatography. 


OF the seven possible aminohydroxypyrimidines only three are known, viz., 4-amin 

2-hydroxy- (cytosine), 2-amino-4-hydroxy- (tsocytosine) (cf. Johnson and Hahn, Chem. 
Reviews, 1933, 13, 193), and 4-amino-6-hydroxy-pyrimidine (Brown, J. Soc. Chem. Ind., 
1950, 69, 353; Cavalieri and Bendich, J. Amer. Chem. Soc., 1950, 72, 2587). In view oi 
the biological importance of cytosine, we now describe the synthesis and some properties 
of 5-amino-4-hydroxypyrimidine. Although it is known (Marshall and Walker, J., 1951, 
1004; Boarland and McOmie, J., 1952, 3716) that simple hydroxypyrimidines exist in th 
pyrimidone form, this may not be true for pyrimidines containing more than one potentiall; 
tautomeric group. For convenience, the compounds are referred to below as hydroxy- 
pyrimidines. 

5-Amino-4-hydroxypyrimidine should be obtainable by reduction of the 5-nitro- * 
compound. Since attempts at nitration of 4-hydroxypyrimidine failed (A. Albert and 
R. Royer, personal communication), its nitrosation was investigated : this failed, however, 
with amyl nitrite-sodium ethoxide (cf. Henrich, Monatsh., 1897, 18, 142) or —hydrogen 
chloride (Barltrop, Johnson, and Meakins, J., 1951, 181), or ethyl nitrate-sodium ethoxide 
or —aluminium chloride. An attempt to nitrosate 2-thiouracil with sodium nitrite in 
dilute acetic or dilute hydrochloric acid (Baddiley, Lythgoe, McNeil, and Todd, J., 1943, 
383) was also unsuccessful. 

A second possible route was via 5-benzamido-4-hydroxypyrimidine. Johnson (Amer. 
Chem. J., 1905, 34, 191) failed to effect simple deacylation of 5-benzamido-2-ethylthio-4- 
hydroxypyrimidine with acid or alkali. 5-Benzamido-4-hydroxy-2-methylthiopyrimidine 
was readily obtained by us from methylthiuronium sulphate and the sodium salt of ethy] 


NHI-C-CO,Et CO, } SNH-R 
CH-ONa oan ae Ets! 70H 
(II) eit , (IV) 
benzamidoformylacetate in the presence of aqueous potassium hydroxide, and was 
desulphurised with Raney nickel to 5-benzamido-4-hydroxypyrimidine. Although this 
gave almost the theoretical quantity of benzoic acid on acid hydrolysis, 5-amino-4-hydroxy- 
pyrimidine could not be isolated. Two further reactions of 5-benzamido-4-hydroxy-2- 


* Part IV, J., 1952, 4691. 
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methylthiopyrimidine are recorded : treatment with phosphorus oxychloride gave a good 
vield of 2’-methylthio-2-phenylpyrimidino(5’ : 4’-4 : 5)oxazole (I; R = MeS), which was 
desulphurised with Raney nickel to give (I; R=H). The ultra-violet absorption 
spectra of these oxazoles in ethanol are shown in Fig. 1. Use of acetic anhydride instead of 
phosphorus oxychloride gave 5-acetamido-4-hydroxy-2-methylthiopyrimidine in low yield, 
but no oxazole. 

Johnson (loc. cit.) converted ethyl carbethoxyaminoacetate by sodium and ethyl 
formate in hot benzene into the sodium salt of ethyl carbethoxyaminoformylacetate (II; 
R = CO,Et). This with ethylthiuronium bromide gave a product which he formulated 
as trans-a-carbethoxyamino-$-S-ethylthiureidoacrylic acid (IIL; R = CO,Et) and with 
boiling aqueous sodium, hydroxide yielded 5-amino-2-ethylthio-4-hydroxypyrimidine 
(IV; R=H). In the same paper, he reported that sodium hydroxide opened the 
pyrimidine ring of 5-benzamido-2-ethylthio-4-hydroxypyrimidine (IV; R = Bz), to give 
the corresponding acrylic acid (III; R= Bz). In view of the conflicting behaviour 
of these two acrylic acids and the improbability that hot sodium hydroxide would effect ring 
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1, 5-Amino-2-ethylthio-4-hydroxypyrimidine. 2, 2-Ethylthio-5-formamido-4-hydroxypyrimidine. 
3, 5-Carbethoxyamino-2-ethylthio-4-hydroxypyrimidine. (All in 0-1N-NaOH.) 


Fic. 3. 5-Amino-4-hydroxypyrimidine (. . . . in 0-IN-NaOH; — --—-— in n-HCl) 











closure to a pyrimidine derivative, the acid (III; R = CO,Et) was investigated more 
fully. The compound was readily obtained by Johnson’s method and like his material 
showed no sharp melting point, but decomposed at about 256°. Its ultra-violet absorption 
spectrum was very similar to those of 5-amino-2-ethylthio-4-hydroxypyrimidine (IV; 
R =H) and its 5-carbethoxyamino-derivative (IV; R= CO,Et). Since it seemed 
unlikely that the absorption of an acrylic acid would resemble that of a highly conjugated 
pyrimidine system, the possibility that the compound was a pyrimidine was considered. 
Paper partition chromatography showed that our condensation product was a mixture 
of two compounds (cf. the melting point range of ca. 50°), and 5-carbethoxyamino-2-ethy]- 
thio- (IV; R= CO,Et) and 2-ethylthio-5-formamido-4-hydroxypyrimidine (IV; = 
CHO) seemed the two most probable components. The former is to be expected from ethyl- 
thiuronium bromide and ethyl carbethoxyaminoformylacetate, and it is probable that the 
crude sodium salt from the formylation of ethyl carbethoxyaminoacetate would be 
contaminated with ethyl formamidoformylacetate (Il; R = CHO) formed by trans- 
acylation; the last compound with ethylthiuronium bromide would give the 5-formamido- 
pyrimidine. These two acylaminopyrimidines were, therefore, synthesised by unambiguous 
routes. 5-Carbethoxyamino-2-ethylthio-4-hydroxypyrimidine was readily obtained by 
treatment of the 5-amino-compound (IV; R = H) (prepared by the action of hot alkali 
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on the condensation product) with ethyl chloroformate. 2-Ethylthio-5-formamido-4- 
hydroxypyrimidine was prepared in good yield by heating the 5-amino-compound with 
amyl formate (cf. Human and Mills, J., 1948, 1457)... The Rp values and absorption spectra 
established the presence of these compounds in the condensation product. The ultra- 
violet absorption spectra of the 5-amino-, 5-carbethoxyamino-, and 5-formamido- 
derivatives are recorded in the Table and Fig. 2. 

Johnson (loc. cit.) reported that the action of acetic anhydride on the condens- 
ation product gave 5-carbethoxyamino-2-ethylthio-4-hydroxypyrimidine. This has been 
confirmed (mixed m. p., Rp, and ultra-violet absorption spectrum). Thus acetic anhydride 
merely purifies the condensation product (analytical figures indicated that the 5-carbethoxy- 
amino-compound was the major component). 

Raney nickel smoothly desulphurised 5-amino-2-ethylthio-4-hydroxypyrimidine in 
water (there was no reaction in ethanol), giving 5-amino-4-hydroxypyrimidine (for the 
absorption spectra see the Table and Fig. 3). 

When tested by the agar-cup diffusion method, 1%, solutions of 5-amino-4-hydroxy- 
pyrimidine and its 2-ethylthio-derivative showed no activity against Staph. aureus. 

Substituents 
4 5 Medium A (mp) log yo Emax. A (mp) 108 19 &max 

OH NH, 0-1n-HCl 290 4-14 — — 

0-In-NaOH 248 3-88 282 3:87 
OH NH, 0-In-NaOH 263 3-99 295 3-92 
OH NH-CO,Et 0-In-NaOH 255 3-99 291 3-99 
OH NH-CHO 0-In-NaOH 259 4-02 296 4-05 
OH NHAc 0-In-NaOH 256 4-09 291 4-10 


EXPERIMENTAL 


M. p.s are uncorrected. Microanalyses are by Messrs. W. M. Eno and B. S. Noyes, Bristol, 
and Drs. Weiler and Strauss, Oxford. 

5-Benzamido-4-hydroxy-2-methylthiopyrimidine.—The sodium salt of ethyl benzamidoformyl- 
acetate (30 g.) [prep. (85% yield): ‘‘ The Chemistry of Penicillin,’’ Oxford Univ. Press, 1949, 
p. 515] in water (60 c.c.) was added to methylthiuronium sulphate (15-2 g.) and potassium 
hydroxide (6-2 g.) in water (80 c.c.). The solution was filtered and kept at 37° for 2 days. 
Acidification of the resulting gel with acetic acid precipitated a white solid, m. p. 230— 
240° (91%), which gave 5-benzamido-4-hydroxy-2-methylthiopyrimidine as prismatic needles, 
m. p. 268°, from aqueous dioxan (Found: C, 55-5; H, 4:1; N, 16:3. C,,.H,,O,N,S requires 
C, 55:3; H, 4-2; N, 16-1%), insoluble in water, ethanol, or benzene; it showed a bright blue 
fluorescence in ultra-violet light. 

5-A cetamido-4-hydvoxy-2-methylthiopyrimidine.—The benzamido-compound (3-0 g.) was 
heated under reflux with acetic anhydride (30 c.c.) for l hour. After removal of excess of acetic 
anhydride under reduced pressure, the residue was poured into water. A dark oil separated, 
accompanied by some yellow crystals. After 3 days the crystals (1-2 g.) were collected and 
recrystallised from ethanol [pale yellow; m. p. 220—221° (decomp.); dull yellow fluorescence]. 
Sublimation at 100°/0-3 mm. removed benzoic acid (30 mg.; identified after recrystallisation 
from water by a mixed m. p. determination). The residue, recrystallised several times from 
ethanol (charcoal), gave 5-acetamido-4-hydroxy-2-methylthiopyrimidine as rosettes of needles, 
m. p. 236° (Found : C, 42-6; H, 4-6; N, 21-2. C,H,O,N,S requires C, 42-2; H, 4:5; N, 21-1%), 
readily soluble in dilute sodium hydroxide solution, sparingly soluble in cold water, and showing 
a bluish-white fluorescence. 

5-Benzamido-4-hydroxypyrimidine.—A solution of 5-benzamido-4-hydroxy-2-methylthio- 
pyrimidine (10-0 g.) in aqueous dioxan (300 c.c.) was heated under reflux with Raney nickel 
(40 g.) with vigorous stirring for 3} hours. Filtration, evaporation (yield, 4-7 g.), and 
recrystallisation from aqueous ethanol gave 5-benzamido-4-hydroxypyrimidine as very fine 
needles, m. p. 245—246° (Found: C, 61-3; H, 4:35; N, 19-3. C,,H,O,N, requires C, 61-5; H, 
4-2; N, 19-5%), showing slight yellow fluorescence in ultra-violet light. 

2’- Methylthio-2-phenylpyrimidino(5’ : 4’-4 : 5)oxazole.-—5-Benzamido-4- hydroxy - 2-methyl- 
thiopyrimidine (9-0 g.) was heated under reflux with phosphorus oxychloride (50 c.c.) for 3 hours. 
After removal of excess phosphorus oxychloride under reduced pressure, the residue was poured 
on ice. The buff-coloured compound precipitated (77%) crystallised from ethanol as yellow 
needles, m. p. 155—156° (Found: C, 59-5; H, 3-7; N, 17-7. Cj gH,ON,S requires C, 59-3; H, 
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3-7; N, 17-3%), fluorescing intense yellow in ultra-violet light (bright blue in ethanol or 
benzene). 

2-Phenylpyrimidino(5’ : 4’-4 : 5)oxazole.—The foregoing material (2-0 g.) in ethanol (150 c.c.) 
was heated under reflux with Raney nickel (8 g.) for 3hours. After filtration, slight concentra- 
tion, and cooling, 0-2 g. of the starting material was obtained. Further concentration yielded 
crystals (62%) (brilliant white fluorescence), which on recrystallisation from aqueous ethanol 
and sublimation at 110°/0-1 mm. gave the pure oxazole, needles, m. p. 114° (Found: C, 
66-6; H, 3-8; N, 21-4. C,,H,ON, requires C, 67:0; H, 3-6; N, 21-:3%), soluble in ether, 
dioxan, or benzene, moderately soluble in methanol or ethanol, and sparingly soluble in water. 

Ethyl Carbethoxyaminoformylacetate.—Ethy] formate (14 c.c.) and ethyl carbethoxyamino- 
acetate (20 g.) were added to finely powdered sodium (2-8 g.) under dry benzene (150 c.c.) and 
heated on a water-bath for } hour. Next day dry ether was added to precipitate the yellow 
sodium salt which was collected and dried in a vacuum-desiccator (22-5 g.). 

Condensation of Ethyl Carbethoxyaminoformylacetate and Ethylthiuronium Bromide.—Ethy]- 
thiuronium bromide (28 g.) and potassium hydroxide (8-5 g.) in water (50 c.c.) were added to the 
sodium salt of ethyl carbethoxyaminoformylacetate (37-3 g.) in water (50 c.c.), and the yellow 
solution was kept for 15 hours. Acidification with acetic acid gave a white product (16-8 g.), 
m. p. 200—256° (decomp.). Repeated crystallisation from a large volume of aqueous ethanol 
(50%) did not alter the m. p. range. Examination of a paper chromatogram (ethy! acetate 
water-acetic acid; 3:2: 1) in ultra-violet light revealed two spots (Ry 0-90 and 0-96), identical 
with those produced by 2-ethylthio-5-formamido- (Ry 0-90) and 5-carbethoxyamino-2-ethylthio- 
4-hydroxypyrimidine (Ry 0-96). 

5-A mino-2-ethylthio-4-hydroxypyrimidine.—The above mixture of derivatives (6-3 g.) was 
heated under reflux with sodium hydroxide (3-1 g.) in water (30 c.c.) for 20 minutes. After a 
further 30 minutes at room temperature, the solution was cooled and acidified with acetic acid. 
The product, 5-amino-2-ethylthio-4-hydroxypyrimidine (4-1 g.), crystallised from water as fine 
needles, m. p. 159°. Johnson (Amer. Chem. J., 1905, 34, 191) reports m. p. 160°. 

2-Ethylthio-5-formamido-4-hydroxypyrimidine.—5 - Amino -2-ethylthio-4-hydroxypyrimidine 
(0-4 g.), suspended in amy] formate (10 c.c.; b. p. 121°) and gently warmed, gave a clear solution 
which rapidly deposited crystals. After 4 hour’s heating under reflux and then cooling, the 
precipitated formyl derivative was collected (0-35 g.) and crystallised from a large volume of 
aqueous ethanol (50%) as prismatic needles, m. p. 269—270° (effervescence and slight decomp.) 
(Found: C, 42-6; H, 4-8; N, 21:3. C,H,O,N,S requires C, 42-2; H, 4-5; N, 21-1%), slightly 
fluorescent in ultra-violet light. 

5-Carbethoxyamino-2-ethylthio-4-hydroxypyrimidine.—(a) The mixed condensation product 
(1-0 g.) was dissolved in warm acetic anhydride (20 c.c.), cooled, and diluted with water. Next 
day the pale yellow crystals, m. p. 184° (0-2 g.), were collected. Recrystallisation from 15% 
acetic acid gave 5-carbethoxyamino-2-ethylthio-4-hydroxypyrimidine as prisms, m. p. 190—191° 
[Johnson (loc. cit.) reports m. p. 189—190°] (Found: C, 44:7; H, 5-35; N, 17-5; S, 13-45. 
Calc. for C,H,,;0,N,S: C, 44-5; H, 5-35; N, 17-3; S, 13-2%). 

(b) A solution of 5-amino-2-ethylthio-4-hydroxypyrimidine (0-5 g.) and sodium carbonate 
(0-13 g.) in water (20 c.c.) was cooled in ice-salt, and ethyl chloroformate (0-25 c.c.) added slowly 
with shaking. A crystalline solid separated almost immediately. After } hour, the product, 
m. p. 188° (0-55 g., 90%), was collected. Recrystallisation from aqueous ethanol (50%) gave 
prismatic needles, m. p. and mixed m. p. with the product obtained as in (a), 190—191°; both 
products moved at the same rate on a paper strip chromatogram (Ry 0-95). The solid compound 
was slightly fluorescent in ultra-violet light, its ethanolic solution showing blue fluorescence. 

5-A mino-4-hydroxypyrimidine.—5-Amino-2-ethylthio-4-hydroxypyrimidine (2-0 g.) was 
heated with Raney nickel (8 g.) in water (70 c.c.) under reflux with vigorous stirring for 3 hours. 
After filtration and evaporation,. the residual 5-amino-4-hydroxypyrimidine (0-8 g.) was 
crystallised from ethanol, giving prisms, m. p. 211—212° (Found: C, 43-3; H, 4-4; N, 38-3. 
C,H,ON, requires C, 43-2; H, 4-5; N, 37-9%), soluble in water, sparingly soluble in ethyl 
acetate, and slightly fluorescent in ultra-violet light. 

Physical Measurements.—The methods have been described in Part II (J., 1952, 3716). 


The authors thank Professor K. E. Cooper and Dr. C.S. Shaw, of Canynge Hall, Bristol, for 
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Peroxides of Tetrahydrocarbazole and Related Compounds. 
IV.* Autoxidation of Substituted Tetrahydrocarbazoles. 


By R. J. S. BEER, T. BROADHURST, and ALEXANDER ROBERTSON. 


By aeration in alkaline solution 5:6: 7 : 8-tetrahydrocarbazole-4- 
carboxylic acid (I) is converted into a mixture of 4-hydroxy-2 : 3-cyclo- 
pentenoquinoline-5-carboxylic acid (IV) and cyclopentanespiro-2-y-indoxyl- 
4-carboxylic acid (III), which are also obtained by the action of alkali on 
5-carbomethoxy-1 : 2: 3: 4-tetrahydrocarbazol-ll-yl hydroperoxide (V; 
R = O-OH). Alternatively the spirvo-indoxyl (II1) was obtained from the 
hydroperoxide (V; R = O*OH) by way of the hydroxycarbazolenine (V; 
R = OH). The results indicate that a peroxide is an unstable intermediate 
in the autoxidation of the acid (I) in aqueous media. 

In autoxidation experiments 5 : 6: 7 : 8-tetrahydrocarbazole-4-, -3-, -2+, and 
-l-carboxylic acid show an increasing stability and, similarly, the ease of 
peroxide formation decreases regularly in the series methyl 5: 6:7: 8- 
tetrahydrocarbazole-4-, -3-, -2-, and -l-carboxylate. In general, electron- 
donating substituents in the benzene ring of tetrahydrocarbazoles facilitate 
peroxidation, whilst electron-attracting groups have the opposite effect. 

The unstable autoxidation product from 1: 2:3: 4-tetrahydro-6- 
hydroxycarbazole could not be isolated. 


THE ready formation of hydroperoxides by certain 1: 2:3: 4-tetrahydrocarbazoles 
(Parts I and II, /., 1950, 2118, 3283) suggested that similar processes might be involved 
in the biological oxidation of indoles, e.g., in the metabolism of tryptophan and the con- 
version of 5 : 6-dihydroxyindole into melanin. Recent work in this laboratory on melanin 
formation (to be published elsewhere) now indicates that this type of peroxidation does 
not play a major part in the oxidative polymerisation, but before this conclusion had 
been reached we initiated a study on the behaviour of tetrahydrocarbazoles containing 
solubilising groups—e.g., carboxyl and hydroxyl—which could be subjected to autoxidation 
in aqueous media. Although previously peroxides have been isolated from tetrahydro- 
carbazoles in non-polar solvents only, evidence is now presented that they can be formed, 
as unstable intermediates, in autoxidations occurring in aqueous media. 

The effect of aeration on 5: 6: 7 : 8-tetrahydrocarbazole-l-, -2-, -3-, and -4-carboxylic 
acid, dissolved in dilute aqueous sodium hydroxide was studied under standard conditions. 
Thus the 4-carboxylic acid was slowly converted into a mixture of a colourless, very 
sparingly soluble, high-melting acid and a yellow fluorescent acid, the isolation of which 
was difficult. In its characteristic strong green fluorescence in alcoholic solution and in 
its ultra-violet absorption spectrum, the second acid closely resembled cyclopentanespiro- 
2--indoxyl] (Part I, oc. cit.) and is, therefore, formulated as cyclopentanespiro-2-y-indoxyl- 
4-carboxylic acid (III). 


HO,C CO 


” 4 


HO,C OH 
ce 
ON /N 
(XSAN ow 
. Wy? 
The colourless acid had the expected properties of a carboxy-derivative of 4-hydroxy- 
2 : 3-cyclopentenoquinoline which is formed together with cyclopentanespiro-2-$-indoxyl 
by the action of aqueous sodium hydroxide on 1 : 2:3: 4-tetrahydrocarbazolyl hydro- 
peroxide (Parts I and II, occ. cit.) and accordingly, in agreement with the analytical and 
light-absorption data, it is formulated as 4-hydroxy-2 : 3-cyclopentenoquinoline-5-carboxylic 


* Part III, J., 1952, 4351. 
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acid (IV). By analogy with the behaviour of 1 : 2:3: 4-tetrahydrocarbazolyl hydro- 
peroxide the simultaneous formation of (III) and (IV) from (I) strongly suggests that the 
autoxidation proceeds by way of an intermediate hydroperoxide or its anion (II) which 
would be expected to give the observed products. 

Under similar conditions the aeration of 5:6:7 : 8-tetrahydrocarbazole-3- and 
-2-carboxylic acid gave the corresponding cyclopentenoquinoline-6- and -7-carboxylic 
acid but the related fluorescent spiro-compounds, which were undoubtedly formed, could 
not be isolated, partly owing to the presence of larger amounts of unchanged starting 
materials than in the case of (I). On the other hand, 5:6:7: 8-tetrahydrocarbazole- 
1-carboxylic acid was almost completely recovered, although traces of fluorescent material 
were formed. These results do not provide exact evidence on the relative ease of per- 
oxidation of the four acids in aqueous media but it does appear that the 4-carboxylic acid 
was most and the 1-carboxylic acid least affected, whilst the 2- and 3-carboxylic acids 
occupied an intermediate position. 


Rates of peroxidation (Fic. 1, uncatalysed; Fic. 2, catalysed by benzoyl peroxide). 








15 


0-009 1M-Na,S,O, (ml.) 
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7 : 8-tetrahydrocarbazole-4-carboxylate. 
7 : 8-tetrahydrocarbazole-3-carboxylate. 
7 : 8-tetrahydrocarbazole-2-carboxylate. 
-Tetrahydro-6-methoxycarbazole. 


: 4-Tetrahydrocarbazole. 


As the tetrahydrocarbazolecarboxylic acids did not undergo peroxidation in organic 
solvents a study of the relative rates of peroxide formation was not possible. It was 
found, however, that of the four corresponding methyl esters three formed peroxides in 
benzene. Thus 5-carbomethoxy-l : 2 : 3 : 4-tetrahydrocarbazol-ll-yl hydroperoxide (V; 
R = O-OH) was obtained in excellent yield and with cold aqueous sodium hydroxide 
gave, as expected, mainly (IV) along with a small amount of (III), respectively identical 
with the products formed by the autoxidation of 5:6: 7 : 8-tetrahydrocarbazole-4- 
carboxylic acid. A further link between the autoxidation of the acid (I) in aqueous 
media and the peroxide (V; R = O*OH) was provided by reduction of (V; R = O-OH) 
with aqueous sodium sulphite to the corresponding hydroxycarbazolenine (V; R = OH) 
which, by rearrangement with hot methanolic potassium hydroxide, gave the siro-acid 
(III). 

The peroxide of methyl 5:6: 7 : 8-tetrahydrocarbazole-3-carboxylate was obtained 
in relatively low yield whilst the 2-methyl ester gave a little crude peroxide from which 
a pure product was not obtained, and the l-methy] ester did not react. 

In order to confirm the remarkable effect suggested by the behaviour of the acids in 
aqueous solution and of the methyl esters in non-polar solvents, the rate of peroxidation 
of the esters was studied semiquantitatively by estimating the amount of peroxide iodo- 
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metrically, the autoxidations being carried out simultaneously under comparable con- 
ditions. For comparison 1:2:3:4-tetrahydrocarbazole and 1:2:3: 4-tetrahydro- 
6-methoxycarbazole were included. : 

The results obtained are illustrated in the Fig. 1. The times for the peroxide titre to 
rise to one-quarter of the theoretical value (t;) are tabulated below. Fig. 2 shows the 
results obtained in the presence of a constant catalytic amount of benzoyl peroxide; even 
under these conditions peroxide formation by the l-methyl ester was not observed. 


Substance 4-CO,Me 3-CO,Me 2-CO,Me 1-CO,Me 
oe (hr.) : 4:1 38 oe oo 


The gradation in reactivity of the substituted compounds clearly corresponds with that 
inferred from the qualitative experiments, and the position of attachment of the carboxy- 
or carbomethoxy-group obviously exerts a subtle influence which does not seem to be 
capable of any straightforward explanation. Further experiments with other groups 
of tetrahydrocarbazoles containing a common substituent should at least demonstrate 
whether the effect is general. 

It will be observed that the methyl esters are peroxidised less readily than tetrahydro- 
carbazole, indicating that the electron-attracting carbomethoxy-group, whatever its 
position, exerts a deactivating influence. On the other hand, tetrahydro-6-methoxy- 
carbazole, with an electron-donating substituent, is peroxidised appreciably faster than 
tetrahydrocarbazole. Peroxidation of several other tetrahydrocarbazoles has been 
studied qualitatively. Thus, 6-bromo- and 6-acetamido-tetrahydrocarbazole readily 
formed crystalline hydroperoxides, but the 6- and 8-nitro-derivatives were inert. 6- 
Benzyloxy-1 :2:3:4-tetrahydro- and 1:2:3:4-tetrahydro-6-hydroxy-carbazole also 
resisted peroxidation, but here failure may be due to the chain-breaking action:of the 
substituent groups. It was found, for example, that low concentrations of $-naphthol 
or pyrogallol inhibit the normal peroxidation of tetrahydrocarbazole, thus behaving as in 
other chain oxidations. 

There is an interesting analogy between the effect of substituents on tetrahydrocarbazole 
peroxidations, and on the obviously similar autoxidations of phenylhydrazones (Pausacker, 
J., 1950, 3478). Both types of oxidation probably depend on the initial homolysis of a 
nitrogen—hydrogen bond, with the formation of a nitrogen free radical, where the undis- 
sociated molecule, with an electron-donating group, is relatively less stable than when it 
has an electron-attracting substituent which can interact, through the ring, with the 
unshared pair of electrons on the nitrogen atom. Similar considerations apply to the 
dissociation of tetra-arylhydrazines into diarylamino-radicals studied by Wieland and 
his co-workers (see, ¢.g., Ber., 1915, 48, 1078). Here, also, dissociation is favoured by 
substituents such as methoxyl and dimethylamino, but inhibited by electron-attracting 
substituents. 

The failure of 1: 2:3: 4+tetrahydro-6-hydroxycarbazole to peroxidise in organic 
solvents has already been noted. A solution of this compound in dilute aqueous alkali, 
however, was rapidly attacked by air, becoming yellow and acquiring oxidising properties 
since it liberated iodine from acidified potassium iodide solution. When the oxidation 
was carried out quantitatively, it was found that two atoms of oxygen were taken up per 
molecule of the phenol and the oxidising agent formed was equivalent to 1-75 atoms of 
iodine, but despite the fairly precise stoicheiometry of the reaction, suggesting that a 
homogeneous product is formed in the first instance, we have been unable so far to isolate 
a pure oxidation product. The solution gave a negative test for hydrogen peroxide with 
titanic sulphate, and the oxidising agent formed was not volatile in steam. 

Of the tetrahydrocarbazoles used in this study, only 1 : 2: 3 : 4-tetrahydro-6-hydroxy- 
carbazole and its benzyl ether were new. Several methods for the preparation of the 
phenol were investigated; demethylation of 1 : 2:3: 4-tetrahydro-6-methoxycarbazole 
with aluminium bromide in boiling toluene gave only a small yield of the compound whilst 
attempts to convert 6-amino-1 : 2 : 3 : 4-tetrahydrocarbazole into the phenol by way of the 
diazonium salt were unsuccessful. The compound was ultimately obtained in good yield 
by the hydrogenolysis of 6-benzyloxy-1 : 2 : 3: 4-tetrahydrocarbazole which was formed 
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by the interaction of cyclohexanone with #-benzyloxyphenylhydrazine in boiling acetic 
acid. ‘ 


EXPERIMENTAL 


Autoxidation of 5: 6:7: 8-Tetrahydrocarbazolecarboxylic Acids:—A slow stream of air was 
aspirated through a solution of 5:6: 7: 8-tetrahydrocarbazole-4-carboxylic acid (Plant and 
Collar, J., 1926, 808) (2-0 g.) in 5% aqueous sodium hydroxide (100 ml.) for 48 hours and the 
yellow mixture acidified with dilute sulphuric acid. The resulting yellow precipitate (1-8 g.) 
was separated into an alcohol-insoluble (A) (0-2 g.) and an alcohol-soluble fraction (B). From 
(A) 4-Aydroxy-2 : 3-cyclopentenoquinoline-5-carboxylic acid was isolated as a white infusible 
microcrystalline powder by dissolution in alkali and reprecipitation, followed by repeated 
washing with methanol (Found: C, 67-9; H, 5-0; N, 6-3. C,,;H,,O,N requires C, 68-1; H, 
4-8; N, 61%). This compound, which is very sparingly soluble in the usual organic solvents, 
could not be recrystallised: light absorption (in phosphate buffer, pH = 8), Amax. 240, 319, 
333 mu (log ¢ = 4-53, 4-07, 4-08); Amin, 267 my (log « = 3-14). Crystallised from acetic acid 
fraction (B) gave cyclopentanespiro-2-)-indoxyl-4-carboxylic acid in short golden rods (0-3 g.), 
m. p. 227° (decomp.) (Found: C, 67-9; H, 5-9; N, 6-3. (C,,H,,0,N requires C, 67-5; H, 
5-7; N, 61%). An alcoholic solution of this acid exhibited a strong green fluorescence; light 
absorption in ethanol, ,,,,, 258, 434 my (log ¢ 4-11, 3-63); Apin, 335 my (log ¢ 2-26). 

Further concentration of the alcoholic liquor after the isolation of the spiroindoxyl gave an 
intractable gum from which only traces of unchanged tetrahydrocarbazole-4-carboxylic acid 
could be isolated. 

By the same procedure aeration of 5:6: 7: 8-tetrahydrocarbazole-3-carboxylic acid 
(Plant and Collar, loc. cit.) (2 g.), in 5% aqueous sodium hydroxide (150 ml.), for 48 hours gave 
the sparingly soluble 4-hydroxy-2 : 3-cyclopentenoquinoline-6-carboxylic acid which was purified 
by recrystallisation of its sodium salt from 10% aqueous sodium chloride. Regenerated there- 
from, the acid was obtained as a white microcrystalline powder which did not melt below 360° 
and was almost insoluble in the usual solvents (Found: C, 68-2; H, 4:9; N, 6-2%). Light 
absorption (in phosphate buffer, pH = 8): Amax, 255, 315, 332 my (log e 4:37, 3-90, 3-83); 
Amin. 277 mu (log « 3-16). By crystallisation from acetic acid the alcohol-soluble fraction of 
the crude product gave unchanged 5: 6: 7 : 8-tetrahydrocarbazole-3-carboxylic acid (0-4 g.); 
the accompanying yellow fluorescent substance remaining in the acetic acid liquors could not 
be isolated. 

Similarly, 5: 6: 7: 8-tetrahydrocarbazole-2-carboxylic acid (2 g.) (Plant and Collar, loc. 
cit.) furnished 4-hydroxy-2 : 3-cyclopentenoquinoline-7-carboxylic acid (0-4 g.) and unchanged 
starting material (1-2 g.), contaminated by a trace of a fluorescent substance. Purified by 
reprecipitation from its alkaline solution, the quinoline acid was a white microcrystalline 
powder, m. p. >360° (Found: C, 67-9; H, 4:9; N, 61%). Light absorption (in phosphate 
buffer, pH = 8): Amax. 251, 326 my (log ¢ 4:36, 3-74); Amin, 280 my (log € 3-20). 

After having been aerated for 3 days a solution of 5:6: 7: 8-tetrahydrocarbazole-1- 
carboxylic acid (2 g.) (Plant and Collar, loc. cit.) did not yield a product insoluble in alcohol 
(yield of acid recovered after purification, 1-7 g.). 

5-Carbomethoxy-1 : 2: 3: 4-tetrahydrocarbazol-11-yl Hydroperoxide.—On being kept in an 
open vessel for 2 days a solution of methyl 5: 6:7: 8-tetrahydrocarbazole-4-carboxylate 
(Plant and Collar, loc. cit.) (1-2 g.) in benzene (10 ml.) deposited pale yellow prisms (1-1 g.) 
of the hydroperoxide which was rapidly recrystallised from methanol, forming glistening colour- 
less needles, m. p. 149—150° (decomp. with green flash) (Found: C, 64:3; H, 5-7; N, 5-4. 
C,,H,,;0,N requires C, 64-4; H, 5-8; N, 54%). This’ compound, which is readily soluble in 
dilute mineral acids or aqueous alkalis, liberated the theoretical amount of iodine from acidified 
aqueous potassium iodide. A solution of the hydroperoxide (0-7 g.) in N-sodium hydroxide 
(30 ml.) which had been kept for 3 days and then acidified gave a precipitate which was extracted 
with boiling alcohol (15 ml.). Purification of the insoluble acidic residue (0-5 g.) with aqueous 
alkali, followed by washing with methanol, gave 4-hydroxy-2 : 3-cyclopentenoquinoline-5- 
carboxylic acid, identified by comparison of its general properties and absorption with those 
of an authentic specimen (Found: N, 5-:7%). Evaporation of the alcoholic extract of the 
crude product gave a little cyclopentanespiro-2-sb-indoxyl-4-carboxylic acid, m. p. and mixed 
m. p. 227° (decomp.) after purification from acetic acid. 

A solution of the hydroperoxide (0-7 g.) in ether (100 ml.) was agitated with 20% aqueous 
sodium sulphite (20 ml.) for 8 hours, the ethereal layer was separated, the sulphite liquor was 
extracted several times with ether, and the combined ethereal solutions were evaporated, 
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leaving a pale yellow gum which was extracted with boiling light petroleum (b. p. 60—80°) 
(10 ml.). On cooling this extract deposited colourless plates (150 mg.), m. p. 92—95°, a portion 
(50 mg.) of which was heated under reflux with 5% methanolic potassium hydroxide (3 ml.) 
for 1 hour. On acidification the cooled hydrolysate gave cyclopentanespiro-2-b-indoxyl-4- 
carboxylic acid, forming yellow rods (37 mg.), m. p. and mixed m. p. 227° (decomp.), from 
acetic acid. 

6-Carbomethoxy-| : 2: 3 : 4-tetrahydrocarbazol-\l-yl Hydroperoxide.—On being kept for 
3 days a solution of methyl 5 : 6: 7 : 8-tetrahydrocarbazole-3-carboxylate (0-2 g.) in a mixture 
of benzene (5 ml.) and light petroleum (b. p. 60—80°) (3 ml.) deposited the hydroperoxide as a 
sticky semi-crystalline solid. Crystallisation of the combined products from five experiments 
gave colourless needles (0-12 g.), m. p. 136° (decomp.) (Found: C, 64-4; H, 5-9; N, 5-1%). 

1: 2:3: 4-Tetrahydro-6-methoxycarbazol-\1-yl Hydroperoxide-——Prepared according to 
Borsche et al. (Annalen, 1908, 359, 52), who give m. p. 94—95°, 1:2: 3: 4-tetrahydro-6- 
methoxycarbazole had m. p. 104—105° after purification from methanol (Found: C, 77-4; 
H, 7-3; N, 6-8. Calc. forC,,H,,ON: C, 77-6; H, 7-5; N, 7-0%). 

On being kept in an open flask for 24 hours a solution of this carbazole (0-7 g.) in light 
petroleum (b. p. 60—80°) (100 ml.) deposited 1: 2:3: 4-tetrahydro-6-methoxycarbazol-11-yl 
hydroperoxide (0-5 g.) which separated from ethyl acetate—light petroleum (b. p. 60—80°) in 
clusters of shining pale green blades, m. p. 126° (vigorous decomp.), having the properties 
expected of a hydroperoxide (Found: C, 67-3; H, 6-6; N, 6-3. ©C,,;H,,;0,N requires C, 66-9; 
H, 6-5; N, 6-0%). 

Rates of Peroxidation of Substituted Tetrahydrocarbazoles.—One m-mole of each tetrahydro- 
carbazole was dissolved by agitation with ‘‘ AnalaR ’”’ benzene (100 ml.; freshly distilled over 
sodium) and the time noted. Aliquot portions (10 ml.) of solution were removed at intervals 
and added to 2Nn-sulphuric acid (100 ml.), followed by ‘“ AnalaR ”’ potassium iodide (1 g.), the 
mixture was kept in the dark for 5 minutes, and the liberated iodine was estimated with 0-01m- 
sodium thiosulphate. Applied to tetrahydrocarbazolyl hydroperoxide, this method gave 
titres of 95—99%. Where benzoyl peroxide was employed as a catalyst (2 ml. of 0-05m were 
used) consistent peroxidation curves were obtained in duplicate runs with tetrahydrocarbazole, 
and preliminary experiments showed that benzoyl peroxide did not liberate iodine from potas- 
sium iodide under the conditions used in estimating peroxide values. 

6-Bromo-1 : 2: 3: 4-tetrahydrocarbazol-11-yl Hydroperoxide.—This compound separated in 
rosettes of long colourless rods (0-5 g.), m. p. 136—137° (decomp.), from an exposed solution 
of 6-bromo-1 : 2: 3: 4-tetrahydrocarbazole (Borsche et al., loc. cit.) (0-8 g.) in a mixture of 
benzene (20 ml.) and light petroleum (b. p. 60—80°) (100 ml.). Recrystallised from ethyl 
acetate—light petroleum the hydroperoxide formed short rods (0-3 g.), m. p. 148° (decomp.) 
(Found: C, 51-6; H, 4:3; N, 5-1; Br, 27-6. C,,H,,O,NBr requires C, 51-0; H, 4-3; N, 
5-0; Br, 28-4%). 

6-Acetamido-1 : 2: 3: 4-tetvahydrocarbazol-11-yl hydroperoxide separated in minute grey 
prisms (0-46 g.), m. p. 154° (decomp.), from an exposed solution of 6-acetamido-l : 2:3: 4- 
tetrahydrocarbazole (Perkin and Plant, /., 1921, 119, 1825) (0-5 g.) in benzene, and on recrystal- 
lisation from dioxan— or benzene-light petroleum had m. p. 165° (decomp.) (Found: C, 65-0; 
H, 6-1; N, 10-7. C,gH,,0,N, requires C, 64-6; H, 6-2; N, 10-8%). 

6-Benzyloxy-1 : 2: 3: 4-tetrahydrocarbazole.—4-Benzyloxyaniline hydrochloride (Blanksma, 
Rec. Trav. chim., 1909, 28, 105) (13 g.), suspended in water (100 ml.) and hydrochloric acid 
(150 ml.) at below 0°, was diazotised with sodium nitrite (3-8 g.) in water (20 ml.) (agitate). 
70 Minutes later stannous chloride (32 g. of dihydrate), in concentrated hydrochloric acid (50 
ml.), was added to the diazonium solution kept at < —8° and the resulting 4-benzyloxyhydrazine 
hydrochloride collected and recrystallised from alcohol, forming shining colourless plates (9-5 g.), 
m. p. 194—196° (decomp.) (Found: C, 62-6; H, 6-0; N, 10-8. C,,;H,,ON,,HCI requires C, 
62:3; H, 6-0; N, 11-2%). Agitated with 2N-sodium hydroxide (200 ml.) for 2 hours, the 
hydrochloride gave the free base, which was collected, washed with water, and dried. When 
a solution of this product in acetic acid (30 ml.) containing cyclohexanone (4 g.) was heated 
under reflux for 15 minutes and cooled, the resulting 6-benzyloxy-1 : 2: 3 : 4-tetrahydrocarbazole 
separated in light tan needles (2-5 g.), m. p. 135—136°. It formed colourless needles, m. p. 
136—137°, from benzene-light petroleum (Found: C, 82-0; H, 6-9; N, 48. C,,H,,ON 
requires C, 82:3; H, 6-9; N, 5-1%). 

1: 2:3: 4-Tetrvahydro-6-hydroxycarbazole-—Demethylation of 1:2: 3: 4-tetrahydro-6- 
methoxycarbazole (1 g.) with aluminium bromide (2-7 g.) in boiling toluene (30 ml.) for $ hour, 
followed by the addition of ice and concentrated hydrochloric acid to the cooled reaction 
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mixture, gave 1: 2:3: 4-tetrahydro-6-hydroxycarbazole which was isolated with ether and 
purified by crystallisation from benzene-light petroleum, forming colourless blades (0-25 g.), 
m. p. 172—-173° (since recorded by Milne and Tomlinson, J., 1952, 2789). Sublimed in a high 
vacuum, the compound had m. p. 179° (Found: C, 76-7; H, 6-9; N, 7-5. C,,H,,ON requires 
C, 77-0; H, 7-0; N, 7-5%). The same phenol, m. p. and mixed m. p. 179°, was obtained in 
almost quantitative yield by hydrogenolysis of the 6-benzyloxy-1 : 2: 3 : 4-tetrahydrocarbazole 
in methanol with hydrogen and palladium-charcoal in the usual manner. It was sparingly 
soluble in water and easily soluble in aqueous sodium hydroxide, giving a colourless solution 
which rapidly became yellow. 
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965. Furano-compounds. Part XII.* Some Analogues of Kellin 
and Visnagin. 
By G. H. PHILLIPPs, ALEXANDER ROBERTSON, and W. B. WHALLEY. 


The second possible angular isomeride of visnagin, allovisnagin (I1]1), 
has been obtained from 2: 4-dihydroxy-6-methoxyacetophenone by the 
application of standard methods. The preparation of a series of furano- 
chromones and 4-hydroxyfuranocoumarins, related to kellin and visnagin, 
from 2: 4- and 4: 6-diacetylresorcinol is described. 


WHEN kellin and related natural furanochromones had been shown to possess valuable 
coronary vascodilator properties (see, inter al., Anrep, Barsoum, Kenawy, and Misrahy, 
Lancet, 1947, 257, 557), the synthesis of an extensive series of analogous compounds for 
pharmacological testing was undertaken in these laboratories. A number of these 
analogues has since been described (Davies and Norris, /., 1950, 3195; Davies and Deegan, 
ibid., p. 3202; Davies, McCrea, Norris, and Ramage, tbid., p. 3206) and the present memoir 
deals only with the synthesis of allovisnagin and furanochromones from 2: 4- and 4: 6- 
diacetylresorcinol. 

Following the establishment of the structures of visnagin (1) (Spath and Gruber, Ber., 
1941, 74, 1492) and of tsovisnagin (II) (Part VIII, /J., 1948, 2260) the synthesis 
of the second angular isomeride (III), which we have named allovisnagin, was carried out. 
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Condensation of 2 : 4-dihydroxy-6-methoxyacetophenone (IV; R = R’ = H) with ethyl 
bromoacetate in boiling acetone containing potassium carbonate gave ethyl 4-acetyl-3- 
hydroxy-5-methoxyphenoxyacetate (IV; R = EtO,C-CH,, R’ = H) which on methylation 
by the methyl iodide—potassium carbonate method yielded ethyl 4-acetyl-3 : 5-dimethoxy- 
phenoxyacetate (V; R = Me, R’ = H), identical with a specimen prepared by the inter- 
action of 4-hydroxy-2 : 6-dimethoxyacetophenone (IV; R =H, R’ = Me) with ethyl 
bromoacetate in the usual manner, thus confirming the orientation of (V; R = R’ = H). 
Application of the Gattermann aldehyde synthesis to (_V; R = R’ = H) gave a mixture 
of ethyl 4-acetyl-2-formyl-3-hydroxy-5-methoxyphenoxyacetate (V; R = H, R’ = CHO) 
and the corresponding acid, unaccompanied by detectable quantities of the isomeric 


* Part XI, J., 1950, 2381. 
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6-formy] derivative. The orientation of the phenoxy-ester (V; R= H, R’ = CHO) was 
confirmed by its preparation, although in poor yield, from 3-formyl-2 : 4-dihydroxy-6- 
methoxyacetophenone and ethyl bromoacetate by the standard procedure. Prepared by 
the hydrolysis of its ester (V; R=H, R’ = CHO), 4-acetyl-2-formyl-3-hydroxy-5- 
methoxyphenoxyacetic acid was converted into 5-acetyl-4-hydroxy-6-methoxycoumarone 
‘ (VI; R =H) with boiling acetic anhydride and sodium acetate, and on condensation with 
ethyl acetate and sodium this coumarone gave the diketone (VI; R = COMe) which, on 
cyclisation with warm acetic acid containing a little hydrochloric acid, furnished 
5-methoxy-2-methylfurano(2’ : 3’-7 : 8)chromone, allovisnagin (III), characterised by the 
preparation of the piperonylidene derivative. 

For the remaining syntheses the starting materials, viz., 2 : 4- (VII) and 4 : 6-diacetyl- 
resorcinol (XIII) have now been produced conveniently by using boron trifluoride in place 
of aluminium chloride to effect the Fries rearrangement of resorcinol diacetate. Ethyl 
2 : 4-diacetyl-3-hydroxyphenoxyacetate (VIII) was prepared from (VII) and ethyl bromo- 
‘acetate and converted by the standard method into 5-acetyl-4-hydroxy-3-methylcoumarone 
tA; & H) from which 2 : 4’-dimethylfurano(2’ : 3’-7 : 8)chromone (X) was obtained by 
way of the diketone (IX; R COMe). Limaye and Nagarkar (Rasayanam, 1943, 1, 253) 
have prepared the ketone (IX; R = H) by an independent route but did not comment on 
its orientation. Of the possible alternative structures (XI) and (XII) for the coumarone 
(IX; R = H), formula (XI), which would not be expected to give rise to a furanochromone, 
is excluded because the ketone gives a strong ferric reaction whilst a direct comparison 
with an authentic specimen of (XII), obtained by the method of Limaye and Sathe 
(Rasayanam, 1936, 1, 48), showed that the two compounds were not identical. Hence, as 
expected on general grounds, the product formed by the condensation of (VII) with ethyl 
bromoacetate has the formula (VIII). 
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Ethyl 2: 4-diacetyl-5-hydroxyphenoxyacetate (XIV), of unambiguous orientation, 
was prepared from 4: 6-diacetylresorcinol (XIII) and was converted by the standard 
procedure into 4’-methyl- (XVI; R = H) and 2: 4’-dimethyl-furano(3’ : 2’-6 : 7)chromone 
(XVI; R= Me). Similarly the dihydrofuranochromone (XVII) was obtained from the 
coumaran (XVIII) which was formed by the hydrogenation of (XV). 
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By the method of Boyd and Robertson (J., 1948, 174) 5-acetyl-4-hydroxy-3-methyl- 
coumarone (IX; R = H), kellinone (XX), and dihydrokellinone were converted into the 
respective 4-hydroxyfuranocoumarins (XIX), (X XI), and (XXII), which were characterised 
by the formation of their respective 4-methy] ethers. 
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EXPERIMENTAL 

Ethyl 4-Acetyl-3-hydroxy-5-methoxyphenoxyacetate (V; R = R’ = H).—A solution of 2: 4- 
dihydroxy-6-methoxyacetophenone (4 g.), ethyl bromoacetate (3-7 g.), and acetone (100 ml.), 
containing potassium carbonate (8 g.), was heated under reflux for 14 hours. On isolation in 
the usual manner the ester (V; R = R’ = H) (3-8 g.) separated from ethyl] alcohol in colourless, 
long, slender prisms, m. p. 120°, having a red-brown ferric reaction in alcohol (Found: C, 
58-2; H, 6-0. C,,H,,O, requires C, 58-2; H, 60%). Prepared by the pyridine-acetic 
anhydride method, the acetate of this ester separated from benzene-light petroleum (b. p. 60— 
80°) in colourless stout prisms, m. p. 69°, insoluble in cold 2N-sodium hydroxide and having a 
negative ferric reaction (Found: C, 58-0; H, 5-7. C,,H,,O, requires C, 58-0; H, 5-9%). 

Ethyl 4-Acetyl-3 : 5-dimethoxyphenoxyacetate (V; R= Me, R’ = H).—(a) Methylation of 
the foregoing ketonic ester (0-5 g.) with potassium carbonate (1 g.) and excess of methyl iodide 
in boiling acetone (30 ml.) for 16 hours gave a quantitative yield of ethyl 4-acetyl-3 : 5-di- 
methoxyphenoxyacetate which formed colourles prisms, m. p. 82°, from aqueous alcohol, having a 
negative ferric reaction (Found: C, 59-6; H, 6-4. C,,H,,O, requires C, 59-6; H, 6-4%). 

(6) Interaction of 4-hydroxy-2 : 6-dimethoxyacetophenone (Canter, Curd, and Robertson, 
J., 1931, 1249) (0-5 g.) and ethyl bromoacetate (0-5 g.) in boiling acetone (25 ml.), containing 
potassium carbonate (2 g.), gave a quantitative yield of the ester (V; R = Me, R’ = H), m. p. 
and mixed m. p. 82°, after recrystallisation. 

Ethyl 4-Acetyl-2-formyl-3-hydroxy-5-methoxyphenoxyacetate (V; R=H, R’ = CHO).— 
A mixture of ethyl 4-acetyl-3-hydroxy-5-methoxyphenoxyacetate (2 g.), chloroform (10 ml.), 
ether (150 ml.), zinc cyanide (1 g.), and hydrogen cyanide (10 ml.) was saturated with hydrogen 
chloride at 5° and 48 hours later the colourless crystalline product along with a small quantity 
of a viscous oil was dissolved in water (200 ml.). This solution was rapidly heated to boiling 
and on being cooled gave a crystalline solid (1-3 g.) which was separated with the aid of aqueous 
sodium hydrogen carbonate into ethyl 4-acetyl-2-formyl-3-hydroxy-5-methoxyphenoxyacetate 
(V; R=H, R’ = CHO) (0-7 g.) and the corresponding acid (0-6 g.). The ester crystallised 
from alcohol in almost colourless, long, slender, thin prisms, m. p. 166°, having a red-brown 
ferric reaction in alcohol (Found: C, 56-9; H, 5-5. C,,H,,0O, requires C, 56-8; H, 5-4%). 
The 2: 4-dinitrophenylhydrazone formed rosettes of scarlet needles, m. p. 240° (decomp.), from 
acetic acid (Found: N, 11-9. CggH yp O,)N, requires N, 11-89%). 4-Acetyl-2-formyl-3-hydroxy- 
5-methoxyphenoxyacetic acid separated from aqueous methanol in almost colourless, slender 
needles, m. p. 199°, identical with the product obtained by hydrolysis of the ester (V; R = H, R’ 
= CHO) with 2n-sodium hydroxide on the steam-bath for 10 minutes, and gave a red-brown 
ferric reaction in alcohol (Found: C, 53-7; H, 4-5. ©,,H,,0, requires C, 53-7; H, 45%). 

5-A cetyl-4-hydroxy-6-methoxycoumarone (V1; R = H).—A mixture of 4-acetyl-2-formy]-3- 
hydroxy-5-methoxyphenoxyacetic acid (1 g.), acetic anhydride (15 ml.), and sodium acetate 
(3g.) was heated under reflux for 30 minutes and the greater part of the acetic anhydride removed 
inavacuum. A solution of the residue in water (200 ml.) was neutralised with sodium hydrogen 
carbonate and extracted with ether, giving the acetate of 5-acetyl-4-hydroxy-6-methoxy- 
coumarone as a colourless oil which was deacetylated with warm 2Nn-sodium hydroxide (10 ml.) 
on the steam-bath for 15 minutes. The resulting 5-acetyl-4-hydroxy-6-methoxycoumarone 
separated from aqueous methanol in very pale lemon-yellow prisms (0-6 g.), m. p. 85°, unchanged 
after sublimation at 120°/0-1 mm. (Found: C, 64-2; H, 5-0. C,,H,.O, requires C, 64-1; H, 
4-9%). The coumarone, which did not give a 2: 4-dinitrophenylhydrazone, was insoluble in 
2n-sodium hydrogen carbonate, gave an emerald-green ferric reaction in alcohol, and formed a 
bright yellow solution in cold concentrated sulphuric acid which became cherry-red on warming. 

5-Methoxy-2-methylfurano(2’ : 3’-7: 8)chromone (alloVisnagin) (III).—A mixture of the 
coumarone (VI; R = H) (0-5 g.), ethyl acetate (10 ml.), and powdered sodium (0-7 g.) was heated 
on the steam-bath for 5 hours with the addition of more ethyl acetate (5 ml.) and sodium 
(0-3 g.) after 2 hours. After the addition of a little methanol to destroy the excess of sodium, 
the cooled mixture was diluted with ice-water (50 ml.) and acidified with acetic acid. After 
the evaporation of the unchanged ethyl acetate in a stream of air the residual solid was 
crystallised from aqueous methanol, giving 5-acetoacetyl-4-hydroxy-6-methoxycoumarone in 
slender colourless needles (0-5 g.), m. p. 114°, which had an olive-brown ferric reaction in alcohol 
(Found: C, 63-2; H, 4:8. C,,;H,,0, requires C, 62-9; H, 4:9%). A solution of this diketone 
(0-2 g.) in acetic acid (5 ml.) containing concentrated hydrochloric acid (2 drops) was boiled for 
2 minutes, cooled, diluted with water, and extracted with chloroform. Sublimation of the 
residue left on evaporation of the dried extracts (140°/0-1 mm.) gave a quantitative yield of 
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allovisnagin (III) in rosettes of almost colourless stout prisms, m. p. 162° (Found: C, 67-6; H, 
4-7. C,H, ,O, requires C, 67-8; H, 44%). In concentrated sulphuric acid this compound 
formed a green, faintly fluorescent solution which was unchanged on heating. The 
piperonylidene derivative separated from alcohol in pale yellow needles, m. p. 264° (Found : 
C, 69-6; H, 4:0. C,,H,,0, requires C, 69-6; H, 3-9%). 

2:4- and 4: 6-Diacetylresorcinol.—A solution of resorcinol diacetate (5 g.) in acetic acid 
(10 ml.) was saturated at room temperature with boron trifluoride, and the resultant syrup 
heated on the steam-bath for 1 hour, cooled, and treated with water (100 ml.) and then sodium 
acetate (5 g.). The suspension was boiled until a clear solution was obtained upon the addition 
of alcohol (50 ml.). The cooled hydrolysate deposited the mixed acetylresorcinols (4 g.) in 
colourless needles, m. p. 100—130°. 

The dried product was extracted with warm light petroleum (b. p. 40—60°) (4 x 100 ml.) 
and on concentration the combined extracts deposited 2: 4-diacetylresorcinol (3-1 g.) in 
colourless needles, m. p. 85°. Crystallised from a mixture of light petroleum (b. p. 60—80°) 
and chloroform the residue gave 4 : 6-diacetylresorcinol in colourless needles (0-8 g.), m. p. 182° 
(cf. Baker, J., 1934, 71, 1684). The overall yield was consistent but the proportion of the 
isomerides varied considerably. 

Ethyl 2: 4-Diacetyl-3-hydroxyphenoxyacetate—A mixture of 2: 4-diacetylresorcinol (10 g.), 
ethyl bromoacetate (6 g.), acetone (300 ml.), and anhydrous potassium carbonate (16 g.) was 
heated under reflux for 6 hours and the acetone evaporated. Treatment of the residue with 
water (100 ml.) followed by alcohol (20 ml.) gave a solid which on purification from alcohol 
furnished ethyl 2: 4-diacetyl-3-hydroxyphenoxyacetate (VIII) (14 g.) in colourless needles, 
m. p. 87° (Found: C, 59-8; H, 6-0. Calc. for C,,H,,O,: C, 60-0; H, 5-8%) (cf. Limaye and 
Nagarkar, loc. cit., who give m. p. 75°). Prepared by the pyridine method, the acetate separated 
from light petroleum (b. p. 60—80°) in tiny, colourless, elongated prisms, m. p. 92° (Found : 
C, 59-1; H, 5-9. C,,H,,0, requires C, 59-6; H, 5-6%). 

5-A cetyl-4-hydroxy-3-methylcoumarone (IX; R = H).—The ester (VIII) (5 g.) was heated 
on the steam-bath with 2N-sodium hydroxide (40 ml.) for 15 minutes and on acidification the 
cooled hydrolysate gave 2: 4-diacetyl-3-hydroxyphenoxyacetic acid which formed colourless 
needles (4-2 g.), m. p. 165°, from water (Found: C, 57-1; H, 4-9. Calc. for C,,H,,0,: C, 57-1; 
H, 4°8%) (cf. Limaye and Nagarkar, Joc. cit., who give m. p. 168°). Esterified with warm 
methanol containing a drop of sulphuric acid, this acid yielded the methyl ester which formed 
colourless needles, m. p. 74°, from aqueous methanol (Found: C, 58-8; H, 54. C,,H,,0, 
requires C, 58-7; H, 5-3%). Cyclisation of the acid (5 g.) with boiling acetic anhydride (50 ml.), 
containing sodium acetate (12-5 g.), during 45 minutes gave a dark oil which slowly solidified. 
Extraction of this solid with light petroleum (b. p. 60—80°) furnished 4-acetoxy-5-acetyl-3- 
methylcoumarone (4-0 g.), in irregular, colourless prisms, m. p. 109°, having a negative ferric 
reaction in alcohol (Found: C, 67-3; H, 5:3. Calc. for C,,;H,,0,: C, 67-2; H, 52%) 
(cf. Limaye and Nagarkar, loc. cit., who give m. p. 108°). The 2: 4-dinitrophenylhydrazone 
separated from light petroleum—benzene in rosettes of orange needles, m. p. 159° (Found: N, 
13-8. C,gH,,O,N, requires N, 13-6%), and in yellow needles, m. p. 152° (Found: N, 13-6%). 

Deacetylation of this acetate (5 g.) with 2N-sodium hydroxide (50 ml.) on the steam-bath 
for 20 minutes gave rise to 5-acetyl-4-hydroxy-3-methylcoumarone (3-6 g.), which formed very 
pale yellow, elongated, rectangular prisms, m. p. 64°, from dilute alcohol, having a green ferric 
reaction in alcohol (Found: C, 692; H, 5-5. Calc. for C,,H,,O,: C, 69-4; H, 5-3%) 
(cf. Limaye and Nagarkar, loc. cit., who give m. p. 70°). The 2: 4-dinitrophenylhydrazone 
separated from dioxan in small red needles, m. p. 265—267° (decomp.) (Found: N, 15:3. 
C,7H,yO,gN, requires N, 151%). 

5-Acetyl-4-hydroxy-3-methylcoumaran.—5-Acetyl-4-hydroxy-3-methylcoumarone (3 g.), 
dissolved in methanol (100 ml.) was hydrogenated with hydrogen and a palladium-charcoal 
catalyst (from 1-5 g. of charcoal and 10 ml. of 2% aqueous palladium chloride) during 4 hours 
and the product purified by distillation, giving 5-acetyl-4-hydroxy-3-methylcoumaran (2-9 g.) as 
a pale yellow oil, m. p. approx. 20°, b. p. 160°/0-5 mm. (Found: C, 68-6; H, 6-5. C,,H,,0; 
requires C, 68-7; H, 63%). The 2: 4-dinitrophenylhydrazone separated from dioxan—ethanol 
in scarlet, elongated, rectangular prisms, m. p. 268—269° (Found: N, 16-0. C,,;H,,O,N, 
requires N, 15-1%). 

2: 4’-Dimethylfurano(2’ : 3’-7 : 8)chromone (X).—Prepared in the usual manner from 
5-acetyl-4-hydroxy-3-methylcoumarone with ethyl acetate and sodium, 5-acetoacetyl-4-hydroxy- 
3-methylcoumarone separated from light petroleum (b. p. 60—80°) in yellow rosettes of needles, 
m. p. 83° (Found: C, 67-5; H, 5-5. C,,H,,0O, requires C, 67-2; H, 5-2%), and on cyclisation 
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with boiling acetic acid containing 1% of hydrochloric acid for 20 minutes gave 2 : 4’-dimethyl- 
furano(2’ : 3’-7 : 8)chromone which cumeamnll from aqueous alcohol in pale fawn, elongated 
prisms, m. p. 198° (Found: C, 72-6; H, 5-0. Calc. for C,,H,,O,: C, 72-9; H, 4-7%) (cf. Kelkar 
and Limaye, Rasayanam, 1941, 1, 228). The piperonylidene derivative formed compact groups 
of yellow needles, m. p. 242°, from acetic acid (Found: C, 72-6; H, 4:3. C,,H,,O, requires 
C, 72-8; H, 41%). 

The condensation of 5-acetyl-4-hydroxy-3-methylcoumarone with ethyl formate under the 
usual conditions gave a 70% yield of 5-formylacetyl-4-hydroxy-3-methylcoumarone which 
could not be satisfactorily purified, but which in boiling acetic acid containing 1% of hydrochloric 
acid cyclised to give 4’-methylfurano(2’ : 3’-7 : 8)chromone. This compound formed rosettes of 
almost colourless prisms, m. p. 140°, from dilute alcohol (Founs : C, 72:1; H, 40. C,,H,O, 
requires C, 72-0; H, 4-0%). 

Ethyl 2: 4-Diacetyl-5-hydroxyphenoxyphenoxyacetate (XIV).—A mixture of 4: 6-diacetyl 
resorcinol (2 g.), ethyl bromoacetate (1-8 g.), acetone (30 ml.), and potassium carbonate (3 g.) 
was heated under reflux for 2 hours. On isolation the crude product was fractionally crystallised 
from ethanol and then methanol, giving ethyl 2: 4-diacetyl-5-hydroxyphenoxyacetate (XIV) 
(1-2 g.) in pale yellow plates, m. p. 134°, which had a red-brown ferric reaction in alcohol (Found : 
C, 59-7; H, 5-9. C,,H,,O, requires C, 60-0; H, 5-7%). 5-Acetyl-2 : 4-biscarbethoxy- 
methoxyacetophenone (0-4 g.), m. p. 130° (Algar, Barry, and Twomey, Proc. Roy. Irish Acad., 
1932, 41, B, 8) was obtained from the mother-liquors. 

Prepared by the pyridine—acetic anhydride method, the acetate of (XIV) separated from 
light petroleum (b. p. 60—80°) in colourless plates, m. p. 93°, having a negative ferric reaction 
(Found: C, 59-1; H, 5-8. C,,H,,O, requires C, 59-6; H, 5-6%). 

5-A cetyl-6-hydroxy-3-methylcoumarone (XV).—Hydrolysis of the ester (XIV) (5 g.) with 
2n-sodium hydroxide (30 ml.) on the steam-bath for 15 minutes yielded 4 : 6-diacetyl-3-hydroxy- 
phenoxyacetic acid which separated from aqueous dioxan in small, colourless needles, m. p. 255° 
(decomp.), having a red ferric reaction (Found: C, 57-3; H, 4-9. C,,H,,O, requires C, 57-2 
H, 4:8%). The acetate formed small, colourless needles, m. p. 275° (decomp.), from aqueous 
dioxan, and had a negative ferric reaction (Found: C, 57-3; H, 49. C,,H,,0, requires C, 
57-1; H, 48%). 

A mixture of 2: 4-diacetyl-5-hydroxyphenoxyacetic acid (2 g.), sodium acetate (5 g.), and 
acetic anhydride (20 ml.) was heated under reflux for 2 hours and treated with water (100 ml.). 
Two days later the black crystalline precipitate was dried and extracted with hot light petroleum 
(b. p. 60—80°), giving 6-acetoxy-5-acetyl-3-methylcoumarone (1-7 g.) which separated from the 
concentrated extracts in colourless, squat needles, m. p. 108°, insoluble in 2N-sodium hydroxide 
and having a negative ferric reaction in alcohol (Found: C, 67-1; H, 5-4. C,,;H,,O, requires 
C, 67-2; H, 5-2%). The 2: 4-dinitrophenylhydrazone separated from methyl acetate in orange 
needles, m. p. 221° (Found: N, 13-4. C,,H,,0O,N, requires N, 13-6%). 

Deacetylation of this acetate (2-3 g.) with 2N-sodium hydroxide (15 ml.) on the steam-bath 
for 30 minutes furnished 5-acetyl-6-hydroxy-3-methylcoumarone (XV) (1-7 g.) which crystallised 
from aqueous alcohol (charcoal) in pale yellow needles, m. p. 132°, ..aving a deep green ferric 
reaction in alcohol (Found: C, 69-5; H, 5-5. C,,H,,O, requires C, 69-4; H, 5-3%). With 
sulphuric acid it formed a red solution changing to purple. The 2: 4-dinitrophenylhydrazone 
separated from dioxan in red, rectangular prisms, m. p. 285° (decomp.) (Found: N, 15-1. 
C,,H,,0,N, requires N, 15-1%). 

5-A cetyl-6-hydroxy-3-methylcoumaran (XVIII).—(a) The hydrogenation of 5-acetyl-6- 
hydroxy-3-methylcoumarone (4 g.), dissolved in methanol (300 ml.), with hydrogen and a 
palladium-charcoal catalyst (from 2 g. of charcoal and 15 ml. of 2% palladium chloride solution) 
was complete in 20 minutes. An ethereal solution of the residue left on evaporation of the 
filtered reaction mixture was washed, dried, and evaporated, leaving a product which, on 
purification from light petroleum (b. p. 60—80°), gave 5-acetyl-6-hydroxy-3-methylcoumaran 
(3-8 g.) in rosettes of almost colourless needles, m. p. 86°, having a red-brown ferric reaction in 
alcohol (Found: C, 68-9; H, 6-4. (C,,H,,O, requires C, 68-7; H, 63%). The wine-red 
solution of the coumaran in warm concentrated sulphuric acid had a purple fluorescence. The 
acetate separated from light petroleum (b. p. 60—80°) in colourless needles, m. p. 100° (Found : 
C, 66-3; H, 6-3. C,,H,,O, requires C, 66-7; H, 6-0%), and the 2: 4-dinitrophenylhydrazone 
from dioxan in red needles, m. p. 300° (decomp.) (Found: N, 15-5. C,,H,,O,N, requires 
N, 15-1%). 

(6b) A stream of boron trifluoride was led into a solution of 6-hydroxy-3-methylcoumaran 
(2-2 g.) (Foster and Robertson, J., 1948, 2254) in a mixture of acetic acid (8 ml.) and acetic 
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anhydride (20 ml.) on the steam-bath for 15 minutes; yellow crystals of the boron complex 
began to separate. The mixture was then heated for 30 minutes, cooled, treated successively 
with alcohol (30 ml.), water (50 ml.), and 2N-sodium hydroxide (10 ml.), and then heated on the 
steam-bath until the precipitate dissolved. On being cooled the hydrolysate deposited 5-acetyl- 
6-hydroxy-3-methylcoumaran in colourless needles, m. p. 86°, identical with that prepared by 
method (a). 

4’-Methylfurano(3’ : 2’-6 : 7)chromone (XVI; R = H).—Condensation of 5-acetyl-6-hydroxy- 
3-methylcoumarone with ethyl formate by means of sodium gave a good yield of the formyl 
derivative and on cyclisation with boiling alcohol containing a little concentrated hydrochloric 
acid during 5 minutes this product furnished 4’-methylfurano(3’ : 2’-6: 7)chromone, forming 
pale yellow needles, m. p. 136°, from dilute alcohol (Found: C, 72-1; H, 4-2. C,,H,O, requires 
C, 72:0; H, 40%). 

2: 4’-Dimethylfurano(3’ : 2’-6: 7)chromone (XVI; R = Me).—After the initial reaction 
between 5-acetyl-6-hydroxy-3-methylcoumarone (2 g.), ethyl acetate (20 ml.) at 0°, and 
powdered sodium (2 g.) had subsided, the mixture was heated under reflux for 5 hours, cooled, 
treated with a little alcohol followed by ice-water (100 ml.), and acidified with dilute acetic acid. 
Next day the precipitate was collected, dried, and purified from ethyl acetate-light petroleum 
(b. p. 60—80°), giving 5-acetoacetyl-6-hydroxy-3-methylcoumarone (2 g.) in colourless prisms, 
m. p. 143—145°, which had a red ferric reaction in alcohol (Found: C, 67-4; H, 5-3. C,,;H,,0, 
requires C, 67-2; H, 5-2%). Cyclisation of this diketone in the usual manner gave an almost 
quantitative yield of the 2: 4’-dimethylfurano(3’ : 2’-6 : 7)chromone which separated from ethyl 
acetate-light petroleum (b. p. 60—80°) in colourless needles, m. p. 158° (Found: C, 73-0; H, 
4-8. C,,H,,O, requires C, 72-9; H, 4:7%). The piperonylidene derivative formed pale yellow 
needles, m. p. 239°, from dilute alcohol (Found: C, 62-6; H, 4:4. C,,H,,0, requires C, 72-8; 
H, 41%). 

4’ : 5’-Dihydro-2 : 4’-dimethylfurano(3’ : 2’-6: 7)chromone (XVII).—Prepared in good yield 
from 5-acetyl-6-hydroxy-3-methylcoumaran, ethyl acetate, and sodium by the method employed 
for 5-acetoacetyl-6-hydroxy-3-methylcoumarone.  5-acetcacetyl-6-hydroxy-3-methylcoumaran 
separated from ethyl acetate-light petroleum (b. p. 60—80°) in almost colourless rectangular 
prisms, m. p. 106-5°, having an olive-green ferric reaction in alcohol (Found: C, 66-4; H, 5-9. 
C,,H,,0, requires C, 66-7; H, 6-0%). On cyclisation this diketone gave an almost quantitative 
yield of 4’ : 5’-dihydro-2 : 4’-dimethylfurano(3’ : 2’-6: 7)chromone which separated from light 
petroleum (b. p. 60—80°) in colourless prisms, m. p. 131° (Found: C, 72-1; H, 5-5. C,;H,,0; 
requires C, 72-2; H, 56%). The piperonylidene derivative formed pale yellow needles, m. p. 
188°, from alcohol (Found: C, 72-5; H, 4-6. C,,H,,0; requires C, 72-4; H, 4-6%). 

4-Hydroxy-5 : 8-dimethoxyfurano(3’ : 2’-6: 7)coumarin (XXI).—A _ solution of _ kellinone 
(3 g.) in ethyl carbonate (25 ml.) was mixed with powdered sodium (3 g.) at 0° and after the 
initial reaction had subsided the mixture was heated on the steam-bath for 4 hour. The excess 
of sodium was destroyed with a little alcohol, the reaction mixture was diluted with ether 
(50 ml.), and a solution of the precipitate in water was acidified with acetic acid. 24 Hours 
later the crystalline product was collected and purified from dilute alcohol, giving w-carbethoxy- 
kellinone (3-2 g.) in small, yellow, elongated prisms, m. p. 71—72° (Found: C, 58-2; H, 5-4. 
C,;H,,0O, requires C, 58-4; H, 5:2%). This compound is insoluble in sodium hydrogen 
carbonate solution and gives a green ferric reaction in alcohol. 

A mixture of this $-keto-ester (2 g.), acetic acid (8 ml.), and concentrated hydrochloric acid 
(8 ml.) was heated on the steam-bath for 10 minutes and the resulting dark solution was poured 
into water (100 ml.), thus precipitating 4-hydroxy-5 : 8-dimethoxyfurano(3’ : 2’-6 : 7)coumarin 
(1-5 g.) which formed pale fawn rectangular prisms, m. p. 200—201°, from dilute acetic acid, 
readily soluble in 2N-sodium hydrogen carbonate (Found: C, 59-5; H, 3-7. C©,,;H,,O, requires 
C, 59-5; H, 38%). 

4’ : 5’-Dihydro-4-hydroxy-5 : 8-dimethoxyfurano(3’ : 2’-6 : 7)coumarin (X XI1).—Prepared from 
dihydrokellinone in the foregoing manner, w-carbethoxydihydrokellinone crystallised from aqueous 
alcohol in yellow, rectangular prisms, m. p. 100—101°, insoluble in 2N-sodium hydrogen 
carbonate and giving a violet ferric reaction in alcohol (Found: C, 58-0; H, 6-0. C,;H,,0, 
requires C, 58-1; H, 58%). Cyclisation of this ester gave 4’ : 5’-dihydro-4-hydroxy-5 : 8-di- 
methoxyfurano(3’ : 2’-6: 7)coumarin which separated from aqueous acetic acid in colourless, 
elongated rectangular plates, m. p. 186—187°, readily soluble in 2N-sodium hydrogen carbonate 
(Found: C, 59-3; H, 4-8. C,,H,,O, requires C, 59-1; H, 46%). Prepared by diazomethane in 
chloroform—ether the methyl ether separated from aqueous methanol in colourless prisms, m. p. 
167—168° (Found: C, 60-4; H, 5-1. C,,H,,O, requires C, 60-4; H, 5-1%). 
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4-H ydroxy-4’-methylfurano(2’ : 3’-7 : 8)coumarin (XIX).—Condensation of  5-acetyl-4- 
hydroxy-3-methylcoumarone and ethyl carbonate with sodium furnished a high yield of 
4-hydroxy-4’-methylfurano(2’ : 3’-7 : 8)coumarin which separated from aqueous alcohol in very 
pale yellow, small, irregular prisms, m. p. 256—259° (Found: C, 66-8; H, 3-9. C,,H,O, requires 
C, 66-7; H, 3-7%). The methyl ether formed pale yellow prisms, m. p. 167—170°, from dilute 
methanol (Found: C, 68-0; H, 4:8. C,,;H,,O, requires C, 67-8; H, 44%). 


The authors thank Messrs. Smith, Kline, and French for a grant in aid of this investigation 
and Mr. N. B. Dean, B.Sc., of this Department, for the preparation of the phloroglucinol mono- 
methyl! ether used in the synthesis of allovisnagin. 
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966. The Pigments of “ Dragon’s Blood” Resin. Part IV.* The 
Oxidation of Some Anhydro-7-hydroxybenzopyranols. 
By P. BROADBENT, ALEXANDER ROBERTSON, and W. B. WHALLEY. 
Syntheses of 3- and 5-ethyl-2: 4-dihydroxy- and of 3-ethyl-2: 6-di- 
hydroxy-benzophenone are described. Model oxidations of the anhydro- 
bases from several 7-hydroxy-2 : 4-diphenylbenzopyranols with methanolic 


alkaline hydrogen peroxide give benzoic acid as the only recognisable 
product, 


On oxidation with alkaline hydrogen peroxide in methanol dracorubin gave, in addition 
to the dihydric phenol draconél, a monobasic acid, dracoic acid (Brockmann, Haase, and 
Freiensehner, Ber., 1944, 77, 279; cf. Robertson, Whalley, and Yates, Part III *) which 
Brockmann et al. originally suggested was represented by a formula of the type (I). Whilst 
the elucidation of the structure of dracoic acid, viz., (—)-7-hydroxy-5-methoxyflavan-8- 
carboxylic acid, and of draconol has already been reported (Part III *), the investigations 
now described were carried out simultaneously in the course of an examination of the earlier 
formule. 

On the basis of (I), decarboxylation of dracoic acid would be expected to furnish a 
C-ethylresbenzophenone type (II) having a strong ferric reaction (i.e., an o-hydroxy- 
benzophenone), and synthesis of the various isomerides, for use as possible reference com- 
pounds, was, therefore, undertaken. Thus, 3- (II) and 5-ethyl-2 : 4-dihydroxybenzophenone 
(III) were prepared from benzonitrile and 2- and 4-ethylresorcinol respectively by Hoesch’s 
method. 


CHMe-CO,H Et COPh COPh 
Hof OH HO/ OH, HO )OH = Phco.0f co Hof ¥ HO? you 
uJ! h fom Et, . COPh Et A 4 Et Et! 7 
(I) (II) (III) ry Me (V) (VI) 
The orientation of the product (III) from 4-ethylresorcinol, which could conceivably 
have been (VI), was confirmed by an unequivocal synthesis of the latter by hydrolytic fission 
of 8-benzoyl-6-ethyl-7-hydroxy-4-methylcoumarin (V) which was obtained from 7-benzoyl- 
oxy-6-ethyl-4-methylcoumarin (IV) by the Fries reaction. Attempts to prepare the 
remaining o-hydroxybenzophenone, viz., 4-ethyl-2 : 6-dihydroxybenzophenone, from 


Et 
Ov en XY a & 4 WN 
V\ eee 33 comune aa 


(VII) (VIII) (IX) (X) 
5-ethylresorcinol either by the Hoesch or the Friedel-Crafts reaction gave only intractable 
resins. The coumarin route to this ketone was excluded by the failure of 7-benzoyloxy- 
5-ethyl-4-methylcoumarin to undergo the Fries reaction, in keeping with the known 


* Part III, J., 1950, 3117. 
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peculiar properties of the 5-alkylated resorcinol derivatives (cf. Robertson and Whalley, 
J., 1949, 3038). 

In view of the importance of draconol as a primary degradation product of dracorubin 
it seemed desirable to undertake model oxidation experiments on anhydro-7-hydroxy- 
benzopyranols with hydrogen peroxide, as information on this topic was not available. 
Malvin chloride in aqueous solution (Karrer and Widmer, Helv. Chim. Acta, 1927, 10, 
729, 758) and 3-methoxyflavylium perchlorate in acetic acid (Quint and Dilthey, Ber., 
1931, 64, 2082; Dilthey and Hoéschen, J. pr. Chem., 1933, 138, 42) undergo scission by 
hydrogen peroxide at the 2: 3-position of the benzopyrylium nucleus, whilst the mild 
oxidising agents, perbenzoic acid, monoperphthalic acid, and aqueous ferric chloride 
oxidise the methyl ethers of pyranols at the 3: 4-double bond (Karrer and Fatzer, Helv. 
Chim. Acta, 1942, 25, 1129, 1138; Karrer, Trugenberger, and Hamdi, ibid., 1943, 26, 
2116; Karrer and Trugenberger, 7bid., 1945, 28, 444). No analogy can be easily drawn 
between the oxidations of ethers of carbinol bases in organic solvents and the oxidation 
of an anhydro-base in methanol with alkaline hydrogen peroxide. 

According to Brockmann ef al. (loc. cit.) the dracoic acid residue was derived from an 
anhydro-7-hydroxy-2 : 4-diphenylpyranol system present in dracorubin and hence the 
oxidation of anhydro-2 : 4-diphenylbenzopyranols, types (X), seemed to constitute a 
close analogy with that of dracorubin. Thus the anhydro-bases derived from 7-hydroxy- 
(VII), 6-ethyl-7-hydroxy- (VIII), 8-ethyl-7-hydroxy- (IX), and 5: 7-dihydroxy-2 : 4- 
diphenylbenzopyranol (X) were oxidised under the conditions employed for dracorubin, 
but as was expected, the only product which could be isolated in addition to intractable 
resins was benzoic acid in about one molecular proportion; oxidation of the C-ethyl- 
resbenzophenones gave about 0-75 mol. of benzoic acid, whilst a comparable experiment 
with anhydro-7-hydroxybenzopyranol furnished an 0-5 mol. Accordingly, therefore, it 
seemed clear that in the oxidation of anhydrobenzopyranols the part of the molecule 
having a structure of type (I) could hardly be expected to survive, a view in agreement 
with the conclusions described in Part III (loc. cit.). 


EXPERIMENTAL 

3-Ethyl-2 : 4-dihydroxybenzophenone.—A solution of 2-ethylresorcinol (Russell, Frye, and 
Mauldin, J. Amer. Chem. Soc., 1940, 62, 1441) (4 g.) and phenyl cyanide (3-5 ml.) in ether 
(60 g.), containing zinc chloride (1 g.), was saturated with hydrogen chloride and 6 days later 
the viscous oil was separated, well washed with ether, and dissolved in water (200 ml.). After 
having been almost neutralised with sodium hydrogen carbonate, this solution was heated 
under reflux for 3 hours, and on cooling gave 3-ethyl-2 : 4-dihydroxybenzophenone which dis- 
tilled in a high vacuum and then crystallised from dilute acetic acid as pale yellow plates (3-5 
g.), m. p. 195° (Found: C, 74:2; H, 6-0. C,,;H,,O, requires C, 74-4; H, 5-8%). This ketone, 
which is moderately soluble in the usual solvents, had a red-brown ferric reaction in alcohol. 
The 2: 4-dinitrophenylhydvazone, which was formed but slowly, separated from alcohol in red 
hexagonal prisms, m. p. 268° (Found: N, 13-5. C,,H,,0,N, requires N, 13-3%). The oxime 
could not be obtained either by the sodium acetate or by the pyridine method. 

5-Ethyl-2 : 4-dihydroxybenzophenone.—Interaction of 4-ethylresorcinol (Robinson and Shah, 
J., 1934, 1491) (4 g.), phenyl cyanide (3-5 ml.), and zinc chloride (1 g.) in ether (60 ml.), 
saturated with hydrogen chloride, for 7 days furnished a solid which on hydrolysis with water 
(100 ml.) (excess of hydrochloric acid neutralised with sodium hydrogen carbonate) for 3 hours, 
gave an oil. When water (125 ml.) was added slowly to a solution of this product in methanol 
(25 ml.) 5-ethyl-2: 4-dihydroxybenzophenone was deposited and, on crystallisation from 
methanol and distillation in a high vacuum followed by recrystallisation from light petroleum, 
was obtained in pale yellow prisms (3 g.), m. p. 106°, readily soluble in the usual solvents except 
light petroleum, and having a red-brown ferric reaction (Found: C, 74-4; H, 5-9. Calc. for 
C,;H,,0,;: C, 74:4; H, 5-8%) [cf. Rosenmund, Buchwald, and Deligiannis, Arch. Pharm., 
1933, 271, 342, who give m. p. 68° (indefinite) for a specimen prepared by an alternative route]. 
The oxime separated from chloroform-light petroleum (b: p. 60—80°) in very pale yellow 
needles, m. p. 142° (Found: C, 70-2; H, 6-1; N, 5:3. C,,;H,,0,N requires C, 70-0; H, 5-9; 
N, 5-4%), and the 2: 4-dinitrophenvlhydrazone from ethanol in red plates, m. p. 242° (Found : 
N, 13-1. C,,H,,O,N, requires N, 13-3%). 
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3-Ethyl-2 : 6-dihydroxybenzophenone.—In this work it was found that 8-benzoyl-6-ethyl-7- 
hydroxy-4-methylcoumarin separated from alcohol in pale yellow prisms, m. p. 159° (Found : 
C, 73-8; H, 5-4. Calc. for C,,H,,0,: C, 74:0; H, 5-2%) (Thakor and Shah, J. Indian Chem. 
Soc., 1946, 23, 423, give m. p. 133°). Obtained by the alkaline hydrolysis of this coumarin, 
3-ethyl-2 : 6-dihydroxybenzophenone formed yellow plates, m. p. 123°, from light petroleum 
(Thakor and Shah, loc. cit., give m. p. 125—126°, and Desai and Mavani, Proc. Indian Acad. 
Sci., 1947, 25, A, 341, record m. p. 128°). The 2: 4-dinitrophenylhydrazone separated from 
alcohol in rosettes of red needles, m. p. 221° (decomp.) after darkening at 150° (Found: N 
13-5. C,,H,s,0,N, requires N, 13-3%). The oxime could not be prepared. 

7-Benzoyloxy-5-ethyl-4-methylcoumarin.—5-Ethylresorcinol (1 g.) and ethyl acetoacetate 
(1 ml.) in concentrated sulphuric acid (5 ml.) gave, in 24 hours, 5-ethyl-7-hydroxy-4-methyl- 
coumarin (1 g.) which was precipitated with ice (30 g.) and crystallised from alcohol, forming 
colourless prisms (1 g.), m. p. 188° (Found: C, 70-7; H, 6-0. C,,H,,O, requires C, 70-6; H, 
5-9%). Benzoylation of this compound in 5% aqueous sodium hydroxide gave the 7-benzoate, 
colourless prisms, m. p. 167° (from alcohol) (Found: C, 74-0; H, 5:2. C, ,H,,O, requires C, 
74-0; H, 52%). Application of the Fries reaction to this benzoate gave an amorphous solid 
which on hydrolysis yielded an intractable tar. 

6-Ethyl-7-hydroxy-4-phenylflavylium Chloride.—4-Ethylresorcinol (1-4 g.) and dibenzoyl- 
methane (2-3 g.) in ethyl acetate (20 ml.), saturated with hydrogen chloride at 0°, gave 6-ethyl- 
7-hydroxy-4-phenylflavylium chloride (3-2 g.) which separated from 10% hydrochloric acid— 
alcohol (1:1) as a dihydrate in orange prisms, decomp. 255° (Found: C, 69-4; H, 5-8. 
C,H ,,0,Cl,2H,O requires C, 69-3; H, 5-8%). The ferrichloride formed yellow rhombic prisms, 
m. p. 210° (decomp.), from acetic acid (Found: C, 52-5; H, 3:7; Fe, 10-7. C,;H,,0,Cl,Fe 
requires C, 52-6; H, 3-6; Fe, 10-6%), and the perchlorate in yellow irregular prisms, decomp. 

-154—156° (Found: C, 64-9; H, 4:6. C,,;H,,O,Cl requires C, 64-7; H, 4-5%). 

Decomposition of 6-ethyl-7-hydroxy-4-phenylflavylium chloride with excess of water or 
a little aqueous sodium acetate furnished the anhydro-base, which crystallised from methanol 
in crimson prisms or from benzene in dark red plates, m. p. 219° (decomp.) (Found: C, 84-8; 
H, 5-7. C,,H,,O, requires C, 84-7; H, 5-6%). 

8-Ethyl-7-hydroxy-4-phenylflavylium chloride, prepared from 2-ethylresorcinol, crystallised 
from 10% hydrochloric acid-ethanol (1:1), forming orange hexagonal plates, m. p. 120° 
(Found: C, 76-0; H, 5-4; Cl, 99. C,,H,,0,Cl requires C, 76-2; H, 5-3; Cl, 98%). The 
ferrichloride separated from acetic acid in deep yellow prisms, decomp. 210—220° (Found : 
C, 52-6; H, 3-9; Fe, 10-6. C,,;H,,0,Cl,Fe requires C, 52-6; H, 3-7; Fe, 10-6%), and the 
perchlorate in yellow prisms, m. p. 261° (decomp.) (Found: C, 65-5; H, 4:3. C,,H,,0,Cl 
requires C, 64-6; H, 4:5%). 

Decomposition of the chloride with aqueous sodium acetate furnished the anhydro-base, 
deep red prisms, m. p. 211° [from methanol or benzene-light petroleum (b. p. 60—80°)) (Found : 
C, 84-4; H, 5-7. C,,H,,O, requires C, 84-6; H, 55%). 

Oxidation of Anhydro-7-hydroxy- and Anhydro-5 : 7-dihydroxy-2 : 4-diphenylbenzopyranol.—A 
solution of this base (Bulow and Sicherer, Ber., 1901, 34, 2368) (0-5 g.) in methanol (20 ml.) 
containing 3N-aqueous potassium hydroxide (5 ml.) was treated with hydrogen peroxide (1-5 
ml.; 100-vol.), added in 6 portions during 3 days. The bright red solution became orange 
and, after being acidified (Congo-red) with 2N-sulphuric acid and then basified with sodium 
hydrogen carbonate, was extracted with ether. Evaporation of the dried ethereal extracts 
left an orange intractable oil. From the residual aqueous liquors which had been acidified an 
orange solid was isolated with ether and from this product benzoic acid (0-15 g.) was extracted 
with boiling light petroleum (b. p. 60—80°). 

When anhydro-5 : 7-dihydroxy-2 : 4-diphenylbenzopyranol (0-5 g.) (Bulow and Sicherer, 
loc. cit.) was oxidised under the same conditions benzoic acid (0-11 g.) was separated from an 
intractable solid phenolic product. 
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967. The Action of Alcohols on Zirconium Tetrachloride and 
Zirconium Chloride Alkoxides. 


By D. C. BrapLey, F. M. ABp-EL HALIM, R. C. MEHROTRA, and W. WaRDLAw. 


The reactions of zirconium tetrachloride and of zirconium chloride 
alkoxides with various alcohols have been examined. From the tetra- 
chloride and methanol the equimolecular mixture of ZrCl,(OMe),MeOH and 
ZrCl,(OMe), was obtained. Alcohol interchange occurs between zirconium 
dichloride dialkoxides or zirconium chloride trialkoxides and primary or 
secondary alcohols and is a convenient means for preparing zirconium 
chloride alkoxides. The new compounds ZrCl(OMe), and ZrCl,(OMe), were 
thus prepared. With tertiary alcohols and ZrCl(OPr'),,PriOH the alcohol 
interchange was accompanied by a second reaction which formed alkyl halide, 
olefin, and water, but the new chloride tri-tert.-amyloxide of zirconium could 
be prepared by a modified procedure. The nature of the second reaction 
was investigated and a mechanism is proposed. 


BRADLEY, HALIM, and WARDLAW (/J., 1950, 3450) reported that the products from the 
reaction between zirconium tetrachloride and ethyl alcohol were ZrCl,(OEt),EtOH and 
ZrCl,(OEt), and that the order of reactivity with ethyl alcohol of the Group rv tetra- 
chlorides was thus: SiCl,>TiCl,>ZrCl,>ThCl,. In view of the possibility that the 
reactivity of zirconium tetrachloride in such reactions may depend on the nature of the 
alcohol, the reactions of other alcohols with the tetrachloride have been examined. 

It was found that the reaction involving methyl alcohol was exactly analogous to 
that involving ethyl alcohol and an equimolecular mixture of ZrCl,(OMe),MeOH and 
Z-Cl,(OMe), was obtained. Attempts to separate these compounds were unsuccessful. 
When 2-amyl or isopropyl alcohol reacted with zirconium tetrachloride it was not possible 
to remove the excess of alcohol, even under reduced pressure, without decomposing the 
product. We have recently shown (Bradley, Halim, Mehrotra, and Wardlaw, /., 1952, 
4609) that zirconium trichloride tsopropoxide can be prepared by the action of excess 
of hydrogen chloride on zirconium isopropoxide in benzene : 


Zr(OPr'),,Pr'OH + 3HCl —» ZrCl,°-OPr',2Pr'OH + 2Pr'iOH 


It appears therefore that the trichloride alkoxides of zirconium are intermediate in 
reactivity between the highly reactive tetrachloride and the unreactive dichloride dialk- 
oxides ZrCl,(OR),. This idea is supported by the behaviour of zirconium trichloride 
ethoxide with boiling isopropyl alcohol. Alcohol interchange occurs, but is accompanied 
by a slow reaction in which the trichloride alkoxide is converted into the dichloride 
dialkoxide. 

Further investigation of the reactions of the dichloride dialkoxides and the chloride 
trialkoxides with various alcohols has shown that they proceed as follows : 


ZrCl,(OEt),,EtOH + 3Pr'OH —+> ZrCl,(OPr'),,PriOH + 3EtOH 
ZrCl,(OPr'),,Pr'OH + 2MeOH —-> ZrCl,(OMe), + 3PriOH 
ZrCl(OEt), + 4Pr'OH —> ZrCl(OPr'),,Pr'OH + 3EtOH 
ZrCl(OPr'),,PrOH + 3MeOH —~+> ZrCl(OMe), + 4Pr'OH 


No replacement of chloride occurred even after prolonged refluxing and it is evident that 
alcohol interchange alone takes place with either primary or secondary alcohols. When 
tert.-butyl or ¢ert.-amyl alcohol was used the reaction showed special features. Only by 
employing the minimum amount of ¢ert.-amyl alcohol and using benzene as solvent could 
the following reaction be realised : 


ZrCl(OPr'),,Pr'OH + 3C,H,,-OH —> ZrCKOC,H,,); + 4PrOH . . (1) 
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In the presence of excess of tertiary alcohol and without benzene, the reaction (1) gave 
way to a second reaction in which a hydrolysed zirconium compound was formed together 
with alkyl chloride, olefin, and water. 

Further work revealed that the second reaction depended on the presence of excess 
of tertiary alcohol : zirconium chloride tri-tert.-amyloxide (1 mol.) decomposed very slowly 
in boiling benzene and formed olefin but no volatile chloride, whereas the subsequent 
addition of tert.-amy] alcohol (3 mols.) caused immediate decomposition with the formation 
of a hydrolysed zirconium compound, olefin, water, and hydrogen chloride. Evidently 
the excess of tertiary alcohol plays a decisive réle and the following mechanism is tentatively 
suggested as the primary step in the decomposition when ¢ert.-butyl alcohol is involved : 


H 


C0, , 
ZrCl(O-CMe,), + CMe,,OH —»> Me.C” “Zr(O-CMe,),; —> Me,f + Zr(O-CMe,),-OH + HCl (a) 
H.C). de HyC 


The formation of alkyl chloride and water in the reaction involving zirconium chloride 
alkoxide and tertiary alcohol alone is assumed to result from the reaction between hydrogen 
chloride and tertiary alcohol. Mechanism (a) involving the cyclic transition state is 
similar in principle to that proposed by McElvain and Davie (J. Amer. Chem. Soc., 1951, 
73, 1400) to explain de-alcoholation of carboxylic orthoesters by aluminium alkoxides. 
It is possible that the decompositions described above may occur by a different mechanism 
involving the formation of carbonium ions: 


R-OH + ZrCl(OR), —> R+ + -ZrC(OR),OH . ... . . (0) 


The formation of olefin, water, and hydrogen chloride, or alkyl chloride could be explained 
in terms of secondary reactions involving carbonium ions. Further work is required 
before it can be decided which mechanism is operative in the decomposition reaction. 

The reaction between zirconium dichloride ditsopropoxide and tert.-amyl alcohol was 
also examined, When equimolecular proportions of reactants were heated in benzene, 
alcohol interchange occurred but on the addition of another mol. of tertiary alcohol rapid 
decomposition was observed : 


ZrCl,(OPr'),,Pr'OH + CMe,EtOH —> ZrCl,(OPr')-O-CMe,Et + 2Pr'OH 
ZrCl,(OPr')*O-CMe,Et + CMe,Et-OH —-> olefin + HCl, etc. 


This work establishes the fact that a simple alcohol interchange takes place when 
primary, secondary, or tertiary alcohols react with either chloride trialkoxides or dichloride 
dialkoxides of zirconium but that special precautions are necessary in the case of tertiary 
alcohols to avoid alternative reactions. 


EXPERIMENTAL 


All-glass apparatus was used and special precautions were taken to exclude moisture. The 
general methods of analysis and treatment of solvents have been previously described (Bradley, 
Halim, and Wardlaw, loc. cit.). In the alcohol interchange experiments (except when methanol 
was used) fractionation was carried out using a column (70 cm.) packed with Fenske helices 
and fitted to a total-condensation variable take-off stillhead. The composition of the distillate 
was estimated from its b. p. or by refractive-index measurement, and the course of the reaction 
thus followed. 

Reaction between ZrCl, and Methyl Alcohol.—Methy] alcohol (120 c.c.) was added to zirconium 
tetrachloride (24-2 g.), a vigorous reaction occurring with evolution of hydrogen chloride. 
The solution was filtered and the filtrate evaporated to dryness at 110°/3 mm. A pale yellow 
solid (25 g.) remained which was insoluble in ether, benzene, or light petroleum, but attempts 
to separate the mixture were unsuccessful [Found: Zr, 37-5; Cl, 36-7; MeO, 24-8. Calc. for 
a mixture of ZrCl,;OMe,MeOH (1 mol.) and ZrCl,(OMe), (1 mol.): Zr, 37-6; Cl, 36-6; MeO, 
25-6%]. The product was soluble in methyl alcohol but could not be crystallised. 

l4P 
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Reaction between ZrCl, and isoPropyl Alcohol.—isoPropy] alcohol (50 c.c.) reacted vigorously 
with zirconium tetrachloride (3-9 g.) and hydrogen chloride was evolved. In order to evaporate 
the solution to dryness the temperature was raised to 120°/0-5 mm. and some decomposition 
occurred (Found : Zr, 34-1; Cl, 28-4; PriO, 28-2%; Cl: Zr, 2-15; PriO: Zr, 1-28). 

Reaction between ZrCl, and n-Amyl Alcohol.—n-Amy] alcohol (20 g.) was allowed to react 
with zirconium tetrachloride (1-4 g.), and the solution evaporated under reduced pressure. 
A viscous black oil remained after drying at 130°/1 mm. Decomposition had evidently occurred 
(Found: Zr, 22-5; Cl, 15-3%; Cl: Zr, 1-75). 

Preparation of ZrCl,,OEt,EtOH—Although zirconium trichloride ethoxide can be prepared 
from zirconium tetrachloride and ethyl alcohol (Bradley, Halim, and Wardlaw, Joc. cit.) the 
yield (8 g. from 29 g. of tetrachloride) is small. An improved method is now described. 
Zirconium tetrachloride (71-5 g., 1 mol.), suspended in benzene (250 c.c.), was treated with 
ethyl alcohol (28-2 g., 2 mols.) in benzene (200 c.c.), and the mixture refluxed and filtered. 
The filtrate was concentrated to 250 c.c. and allowed to crystallise. After four recrystallisations 
from benzene the final product (35-8 g.) was dried at room temp./0-1 mm. [Found: Zr, 32-0; 
Cl, 36-6; EtO, 31-0. Calc. for ZrCl,(OEt),EtOH: Zr, 31-6; Cl, 36-8; EtO, 31-2%]}. 

Reaction, between ZrCl,-OEt,EtOH and isoPropyl Alcohol.—Zirconium trichloride ethoxide 
(4-7 g.) was refluxed with isopropyl alcohol (120 c.c.) in the fractionating apparatus. Analysis 
of the distillate confirmed that alcohol interchange was taking place, but neutral chloride was 
also detected. The neutral chloride was probably isopropyl chloride formed by the reaction 
between hydrogen chloride and isopropyl alcohol. After 30 hours’ heating the solution was 
evaporated to dryness at 100°/2 mm. and gave a white solid (4-8 g.) (Found: Zr, 31-7; Cl, 
27-5; Pr'O, 38:2%; Cl: Zr, 2-24; Pr'O: Zr, 1-86). It is deduced from the analytical data 
that some replacement of chloride had occurred, viz., ZrCl,*-OPr!,2Pr'OH ——-> ZrCl,(OPr'),,PriOH 

+ HCl; and that the reaction between hydrogen chloride and isopropyl alcohol gave the 
neutral chloride, detected in the distillate, and water which hydrolysed the zirconium compound. 

Preparation of ZrCl,(OPr'),,PriOH from ZrCl,(OEt),,EtOH.—The complex dichloride 
diethoxide (7-5 g., prepared by the method of Bradley, Halim, and Wardlaw, Joc. cit.) was 
refluxed with isopropyl alcohol (150 c.c.) in the fractionating apparatus. About 100 c.c. of 
distillate (containing 2-23 g. of ethanol) was collected at a reflux ratio 10: 1 and was replaced 
by pure isopropyl alcohol (100 c.c.). Fractionation was continued until no more ethyl] alcohol 
could be detected in the distillate and the solution was then evaporated to dryness at 40°/2 mm. 
and gave a white solid (8-3 g.). No chloride was detected in the distillate. The complex 
zirconium dichloride diisopropoxide was soluble in benzene or light petroleum and crystallised 
from carbon tetrachloride [Found : Zr, 26-7; Cl, 20-6; PriO, 52-1. Cale. for ZrCl,(OPr'),,Pr'OH : 
Zr, 26-8; Cl, 20-8; Pr'O, 52-2%] 

Preparation of ZrC\(OPr');,Pr'OH from ZrCl(OEt),.—Zirconium chloride triethoxide (5-6 g., 
prepared by the method of Bradley, Halim, and Wardlaw, Joc. cit.) was refluxed with isopropyl 
alcohol (150 c.c.) in the fractionating apparatus. Fractionation was continued until no more 
ethyl alcohol could be detected in the distillate. The solution was then concentrated to 25 c.c. 
and allowed to crystallise. The crystalline product (5-08 g.) was dried at room temp./2 mm. 
(Found: Zr, 25-3; Cl, 9:5; PriO, 64-7. Calc. for ZrCl(OPr'),,PriOH: Zr, 25-1; Cl, 9-7; 
PriO, 65-2%). 

Reaction between ZrCl,(OPr'),,Pr'OH and Methyl Alcohol.—Methyl alcohol (150 c.c.) was 
added to the complex zirconium dichloride ditsopropoxide (2 g.), and the mixture refluxed for 
10 hours. The solution was rapidly evaporated to dryness at room temperature and the solid 
product (1-3 g.) dried at 100° [Found: Zr, 40-6; Cl, 31-3. ZrCl,(OMe), requires Zr, 40-7; Cl, 
31-7%]. The product was soluble in benzene, light petroleum, or carbon tetrachloride but the 
solutions did not crystallise. 

Reaction between ZrCl(OPr'),,Pr'OH and Methyl Alcohol_—Methyl alcohol (120 c.c.) was 
added to the complex zirconium chloride triisopropoxide (3-7 g.), and the mixture boiled for 
5 hours. The zirconium compound disintegrated to a fine white powder but did not dissolve. 
The mixture of alcohols was removed by evaporation at 40°/2 mm. and a powder (2-9 g.) re- 
mained. Analysis (Found: Zr, 40-3; Cl, 14-6%) suggested that this was a mixture of zirconium 
chloride trimethoxide with some chloride triisopropoxide. The product was refluxed for 5 
hours with methyl alcohol (100 c.c.) to complete the interchange. The product was insoluble 
in all the common organic solvents [Found: Zr, 41-9; Cl, 15:8. ZrCl(OMe), requires Zr, 
41-5; Cl, 16-1%]. 

Reaction between ZrC\(OPr'), and tert.-Butyl Alcohol.—tert.-Butyl alcohol (150 c.c.) was 
added to zirconium chloride triisopropoxide (5 g.), and the mixture refluxed in the fractionating 
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apparatus. The presence of isopropyl alcohol in the distillate confirmed that alcohol inter- 
change was occurring. After 1 hour’s heating some neutral chloride was detected in the dis- 
tillate and thereafter the rate of formation of chloride increased. After 48 hours the b. p. of 
the distillate had fallen to 36° and a white solid separated. The distillate then contained 
olefin and neutral chloride. Analysis of the white solid (3-1 g.) (Found: Zr, 48-4; Cl, 7-1%; 
Cl : Zr, 0-43) showed that hydrolysis had occurred and that more than half of the original available 
chlorine had been replaced. 

Reaction between ZrCl(OPr'), and tert.-Amyl Alcohol.—tert.-Amyl alcohol (100 c.c.) was 
added to zirconium chloride tritsopropoxide (5 g.), and the mixture refluxed in the fractionating 
apparatus for 72 hours. After an initial period of alcohol interchange some neutral chloride 
was detected in the distillate. The rate of formation of alkyl chloride increased and olefin 
was also detected. The white solid which separated was a hydrolysed zirconium compound 
(Found: Zr, 51-9; Cl, 63%; Cl: Zr, 0-31). 

Preparation of Zirconium Chloride Tri-tert.-amyloxide.—tert.-Amyl] alcohol (2-7 g., 3 mols.) 
and zirconium chloride triisopropoxide (3-65 g., 1 mol.) were heated in benzene (50 c.c.) in the 
fractionating apparatus. During the fractionation the temperature of the solution was kept 
between 100° and 105° and about 7-5 c.c. of benzene-isopropyl alcohol azeotrope were collected. 
The clear solution, evaporated to dryness at 40°/0-1 mm., gave a viscous colourless liquid 
alkoxide [Found: Zr, 22-6; Cl, 8-45%; Cl: Zr, 0-96. ZrCl(OC,;H,,), requires Zr, 23-5; Cl, 
9-1%]. No further drying of the product (which appeared to contain some solvent) was 
attempted because of the risk of decomposition. 

The remainder (2-8 g.) of the product, dissolved in benzene (50 c.c.), was heated to 140— 
150° in the fractionating apparatus. During 2 hours with a high reflux ratio (>20: 1) only 
traces of olefin and no chloride were detected in the distillate, and a small amount of solid was 
deposited from solution. The addition of ¢ert.-amyl alcohol (3-6 g.) caused a rapid increase 
in the rate of formation of volatile products and the distillate separated into a lower layer 
(water and chloride; was strongly acidic) and an upper layer (contained no chlorine; readily 
decolorised bromine water). During a further 2 hours’ heating the concentration of olefin, 
water, and hydrogen chloride in the distillate increased, as did the quantity of solid hydrolysed 
zirconium compound (Found: Zr, 48-8; Cl, 12-5%; Cl: Zr, 0-66) deposited from solution. 

Reaction between ZrCl,(OPr'),,Pr'OH and tert.-Amyl Alcohol.—To a solution of the complex 
zirconium dichloride diisopropoxide (1-4 g., 1 mol.) in boiling benzene (150 c.c.), tert.-amyl 
alcohol (0-8 g., 2-2 mols.) was added dropwise. Fractionation was carried out with the bath- 
temp. at 110°. During the addition of the first half of the tertiary alcohol only benzene- 
isopropyl alcohol azeotrope was collected, showing that alcohol interchange was occurring. 
During the addition of the second half of the tertiary alcohol a white precipitate appeared and 
the distillate then contained hydrogen chloride and olefin. Addition of more tertiary alcohol 
(2-5 g.) increased the rate of formation of precipitate whilst the distillate separated into two 
layers. The lower layer contained water strongly acidified with hydrogen chloride, and the 
upper, benzene layer contained olefin. The solid (0-7 g.) was a hydrolysed zirconium compound 
(Found: Zr, 44-1; Cl, 11-3%; Cl: Zr, 0-66). 


BIRKBECK COLLEGE, Lonpon, W.C.1. (Received, August 19th, 1952.) 








4964 Kenyon and Mason: 


968. Alkyl-Oxygen Fission in Carboxylic Esters. Part XI.* Reactions 
of Secondary Alcohols containing the 2:4: 6-Trimethoxyphenyl Radical. 


By J. Kenyon and R. F. MAson. 


2:4: 6-Trimethoxydiphenylmethanol and its acetate react exclusively 
by alkyl-oxygen fission and behave as powerful aralkylating agents. 

Attempts to prepare a hydrogen phthalate or succinate were fruitless 
but the acetate was readily obtained. The alcohol undergoes deep-seated 
oxidation with cold hydrogen peroxide, to give a quinone, and under the 
influence of a trace of sulphuric acid suffers dismutation. A mechanism is 
proposed for the latter reaction which involves electrophilic attack by the 
carbonium cation on the methoxylated nucleus of an un-ionised methanol 
molecule. 


THE hydrolysis of carboxylic esters reveals that the introduction of a p-methoxyl group 
into a phenyl radical present in the alcohol moiety greatly increases the tendency to 
hydrolysis by alkyl-oxygen fission (J., 1942, 605), a second methoxyl group, as in di-f- 
methoxyphenylmethanol, increasing this tendency still further (Balfe, Kenyon, and Thain, 
J., 1952, 790). An extension of this study shows that 2: 4: 6-trimethoxydiphenyl- 
methanol (I) reacts readily and exclusively by alkyl-oxygen fission: thus the alcohol 
itself acts as a powerful aralkylating agent towards a variety of compounds. The cumu- 
lative mesomeric effect of the methoxyl groups results in a large electron-availability at 
the methane carbon atom and this leads to incipient ionisation with 
liberation of the trimethoxydiphenylmethyl cation. This behaviour 
is shown also by 1-(2: 4: 6-trimethoxyphenyl)ethanol and by «a- 
naphthyl-2 : 4 : 6-trimethoxyphenylmethanol and, in a more pro- 
nounced degree, by the acetate of (I). 

The alcohol (1) and its acetate act as aralkylating agents. Thus, with alcohols and thiols 
in hot chloroform, (I) readily gives the corresponding ethers. With benzoylacetone and 
toluene-f-sulphinic acid, in acetic acid containing a trace of sulphuric acid at room tem- 
perature, it gives the C-aralkylated derivative and sulphone respectively. With toluene- 
p-sulphonamide, in acetic acid at room temperature, it gives the N-substituted product. 
This reactivity is shown by xanthhydrol and has been applied to the characterisation of 
of sulphonamides by Phillips and Frank (jJ. Org. Chem., 1944, 9, 9). The acetate reacts 
similarly with alcohols at room temperature and with sodium toluene-p-sulphinate in 
aqueous dioxan; with aqueous ammonia at 150° it yields di-(2 : 4 : 6-trimethoxydipheny]- 
methyljamine; with phenols, thiophenols, and oximes it gives ethers, and with ethyl 
acetoacetate the C-aralkylated derivative. The identity of several of these thio-ethers 
and sulphones was established by reductive fission, R‘SO,*R’ — R°SO,H + R’H. 

The alcohol (I) was obtained by reducing 2: 4: 6-trimethoxybenzophenone as de- 
scribed by Kostanecki (Ber., 1906, 39, 4017) but more conveniently by the action of phenyl- 
magnesium bromide on 2 : 4 : 6-trimethoxybenzaldehyde. With the appropriate Grignard 
reagent, this aldehyde gave excellent yields of 1-(2: 4: 6-trimethoxyphenyl)ethanol, 
a-naphthyl-2 : 4 : 6-trimethoxyphenylmethanol, and 2: 4:6: 4’-tetramethoxydiphenyl- 
methanol. Attempts to reduce 2: 4: 6-trimethoxyacetophenone to the corresponding 
alcohol were unsuccessful. 2 : 4: 6-Trimethoxybenzaldehyde was obtained in good yield 
by application of Dimroth and Zoeppritz’s aldehyde synthesis (Ber., 1902, 35, 995) to 
phloroglucinol trimethy] ether. 

The alcohol (I) is remarkably stable to heat, being recovered unchanged after 12 hours 
at 200—220°; in 15 minutes at 280—300° it is converted into di-(2 : 4 : 6-trimethoxy- 
diphenylmethyl) ether in 50% yield. 

In all attempts to esterify the alcohol (1) with phthalic anhydride, it was quantitatively 
recovered. Nor would the potassium derivative of the alcohol react with the anhydride in 
benzene. Succinic anhydride was similarly ineffective. This result may be related with the 


OMe 
MeO< >CHPh-OH 
OMe 
(I) 


* Part X, J., 1951, 386. 
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observation that di-p-methoxyphenylmethanol does not combine with phthalic anhydride 
in the presence of pyridine but does so in presence of triethylamine (Balfe, Kenyon, and 
Thain, J., 1951, 386). In marked contrast, (I) is converted readily into its acetate by 
acetic anhydride (also by acetic acid at room temperature), both in the presence and the 
absence of pyridine, thus duplicating the behaviour of di-p-methoxyphenylmethanol (Balfe, 
Kenyon, and Thain, J., 1952, 790). 

A solution of (I) in ethanol containing sulphuric acid (1-5%) after several days at 
room temperature gives rise, not to the expected ethyl ether of (I), but to2: 4: 6:2’: 4’: 6’- 
hexamethoxytriphenylmethane (A) and benzaldehyde quantitatively. This triphenyl- 
methane derivative was encountered by Kostanecki (loc. cit.) in attempting the methylation 
of (1) with methy] sulphate and alkali, and he established its constitution. The mechanism 
of this acid dismutation may involve electrophilic attack by the carbonium cation on the 
l-carbon atom of the methoxylated phenyl group of an un-ionised molecule of (I) and may 
be written : 


(MeO),C,H,-CHPh:OH + H,SO,—>»(MeO),C,H,-CHPh-OH,* + HSO,- —->(MeO),C,H,-CHPh* + H,O 
OMe g OMe 
CHPh-C,H,(OMe), 


- 7 . 
MeGY A?  CHPh + (MeO),C,H,-CHPht —> ee < 


+ {)\CHPh-OH 


OH Boa | 


| 
OMe 
Y 
» ee 
IN 


LL HOF a , 7 oH,(OMe), 
OMe 


HY 
H+ +PhCHO <— | cen | <_ cae + MeO—Z ‘S—cHPh 


The stages in the reaction are considered to be: (i) lonisation of (I) with liberation of a 
carbonium cation: this proceeds readily on account of the large electron-release of the 
trimethoxydiphenylmethyl group. (ii) Electrophilic attack by the carbonium cation 
(which possesses great cationic activity) at the l-carbon atom (attack occurs at this carbon 
atom because of the large electron-accession to it brought about by the three methoxyl 
groups—the effect of one only is indicated in the formulation). (iii) Elimination of pro- 
tonated benzaldehyde from the transition complex, leading to a sequence of electromeric 
changes which are the reverse of the initial process. The products are the electrically 
neutral triphenylmethane derivative and protonated benzaldehyde which gives up its 
proton. This acid dismutation is formally analogous to nitration of anisole, a reaction 
which involves electrophilic attack by the nitronium ion, NO,* 
- UNO, 
Mec. <a —> MeO g S + Ht 


“TF ? ™~ 
me < 
¥) 


MeO) SO satel Sno, + H+ 
NO —/ 


NO, 


Convincing evidence in support of the mechanism iain for the dismutation comes 
from reaction of (I) with 2:4: 6-trimethoxy- and 2:4: 6-triethoxy-benzene. This 
reaction was carried out in glacial acetic acid by adding a solution of (I) to a solution of the 
trialkoxylated benzene (two molecular proportions in order to promote the alkylation 
reaction) containing sulphuric acid. 2:4: 6-Trimethoxybenzene gave a quantitative 
yield of the expected hexamethoxytriphenylmethane, identical with that obtained from 
the action of ethanolic sulphuric acid on (1) itself. 

p-Tolyl trimethoxydiphenylmethyl sulphide and hydrogen peroxide in acetone or 
acetic acid gave, not the expected sulphone (a stable compound, readily prepared by the 
action of sodium toluene-f-sulphinate on the methanol), but the bright red 2 : 6-dimethoxy- 
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1 : 4-benzoquinone encountered by Kostanecki (/oc. cit.) in an attempt to oxidise (I) with 
chromic acid to the corresponding ketone. This reaction, which appears complex and of 
obscure mechanism, is being further examined. The quinone is also obtained by the action 
of hydrogen peroxide on either (I) or phloroglucinol trimethyl ether. 


EXPERIMENTAL 

2:4: 6-Trimethoxybenzaldehyde.—(a) Phosphorus oxychloride (19 g.) was added to a 
solution of 2: 4: 6-trimethoxybenzene (42 g.) and formanilide (30 g.) in dry ether (200 c.c.); 
next day the solvent was evaporated and the residue decomposed with aqueous sodium hydroxide 
(900 c.c.; 5%) and steam-distilled. The non-volatile residue, m. p. 112—115° (38 g.), after 
crystallisation from benzene-ligroin, yielded 2: 4: 6-trimethoxybenzaldehyde (31 g., 72%), 
plates, m. p. 118°. Its oxime, needles (from dioxan or methanol), had m. p. 201—203° (lit., 
201—203°). (b) The aldehyde was also prepared (62% yield) by application to phloroglucinol 
trimethyl ether of the method of Wood and Bost (Org. Synth., 1940, 20, 11). 

2:4: 6-Trimethoxydiphenvimethanol (x-2:4:6-Trimethoxyphenylbenzyl Alcohol) (I).— 
2:4: 6-Trimethoxybenzaldehyde (14-5 g.) in hot benzene (150 c.c.) was added slowly to a 
solution of phenylmagnesium bromide in ether (from bromobenzene, 11-7 g., and magnesium, 
1-9 g.) and the mixture heated under reflux for 14 hours and then decomposed with ice and 
ammonium chloride. The crude methanol (19 g.; m. p. 124—126°) separated from aqueous 
alcohol in pale yellow needles (16 g.), m. p. 125° alone or when mixed with a specimen prepared 
by Kostanecki’s method (Ber., 1906, 39, 4017). 

1-(2: 4: 6-Trimethoxyphenyl)ethanol, prepared in a similar way, separated from ligroin in pale 
yellow needles, m. p. 76—77° (Found : C, 62-0; H, 7-5. C,,H,.0, requires C, 62-2; H, 7-6%). 

a-Napthhyl-2 : 4 : 6-trimethoxyphenylmethanol, prepared similarly in 90% yield, separated 
from methanol in lustrous plates, m. p. 142-5—143-5° (Found: C, 73-9; H, 6-2. C,H, 0, 
requires C, 74-]; H, 6-2%). 

2:4:6:4'-Tetramethoxydiphenylmethanol, prepared from p-methoxyphenylmagnesium 
bromide in 95% yield, separated from aqueous methanol in prismatic rods, m. p. 103°. 
Kostanecki (loc. cit.) gives m. p. 103°. 

Condensation with Thiols.—The following were smoothly prepared in excellent yield by 
heating chloroform solutions of the appropriate methanol and thiol under reflux for several 
hours: benzyl, rods (from ethanol), m. p. 90—91° (Found: C, 72-8; H, 6-5; S, 8-1. C,,H,,0,S 
requires C, 72-6; H, 6-4; S, 8-4%), phenyl, rods (from methanol), m. p. 127—128° (Found : 
C, 72-2; H, 6-0. C,,H,,0,S requires C, 72-1; H, 6-0%), and p-tolyl 2 : 4: 6-trimethoxydiphenyl- 
methyl sulphide, rods (from ethanol), m. p. 143—144° (Found: C, 72-3; H, 6-2; S, 8-6. 
C,3;H,,0,S requires C, 72-6; H, 6-4; S, 8-4%); a-naphthyl-2 : 4: 6-trimethoxyphenylmethyl, rods 
(from butanol), m. p. 170—171° (Found: C, 75:3; H, 6-4; S, 7-0. C,,H,,0,S requires C, 
75-4; H, 6-1; S, 7-5%), and 2:4: 6: 4'-tetramethoxydiphenylmethyl p-tolyl sulphide, rods (from 
ethanol), m. p. 119—120° (Found: C, 70-3; H, 6-2. C,,H,,0,S requires C, 70-2; H, 6-4%). 

(2:4: 6-Trimethoxydiphenylmethylthio)acetic acid, formed from (I) and mercaptoacetic 
acid, separated from aqueous alcohol in plates, m. p. 155—157° (decomp.) (Found: C, 61-9; 
H, 5-3. C,gH,.0;S requires C, 62-1; H, 58%). 

The thioacetate of (I), formed by the interaction of thioacetic acid and (I), separates from 
alcohol in plates, m. p. 135-5—137° (Found: C, 64-8; H, 6-2; S, 9-6. C,,H,.O,S requires 
C, 65-1; H, 6-1; S, 96%). After being heated under reflux with methanol for 10 hours it was 
quantitatively recovered unchanged. 

Hydrogenolysis of the Sulphides.—(a) The p-tolyl sulphide (1 g.) from (I) when heated under 
reflux with Raney nickel (2 teaspoonsful of settled material; Mozingo, Org. Synth., 21, 15; 
J. Amer. Chem. Soc., 1943, 65, 1013) in ethanol (35 c.c.) for 7 hours, gave 2: 4: 6-trimethoxy- 
diphenylmethane (0-55 g.), rods, m. p. 93—94° (from ethanol) (Found: C, 74:0; H, 6-9. 
C,,H,,0, requires C, 74-4; H, 7-0%). This does not forma picrate. (b) The p-tolyl derivative 
of the naphthyl compound by similar treatment gave a-naphthyl 2: 4: 6-trimethoxyphenyl- 
methane, m. p. 149—150° (rapid heating), plates from ethanol (Found: C, 77-4; H, 6-4. 
C,9H.,O; requires C, 77-9; H, 6-5%). 

Basic Reductive Fission of the Sulphones.—(a) The p-tolyl 2: 4: 6-trimethoxydiphenyl- 
methyl sulphone (1 g.) in ethanol (25 c.c.) was heated 4 hours under reflux with sodium amal- 
gam (25 g.; 6%). The decanted solution yielded rods (0-55 g.; 88%) of 2: 4: 6-trimethoxy- 
diphenylmethane, m. p. 93—94° alone or mixed with the specimen from the hydrogenolysis of 
the corresponding sulphide. The filtrate contained sodium toluene-p-sulphinate which was 
characterised as benzyl! p-tolyl sulphone (0-3 g.), m. p. 145—146° alone or mixed with authentic 
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material. (b) The p-tolyl sulphone from the naphthyl derivative by similar treatment gave 
a-naphthyl-2 : 4 : 6-trimethoxyphenylmethane, m. p. 150° alone or mixed with the specimen 
from the hydrogenolysis of the sulphide. 

Oxidations with Hydrogen Peroxide.—(a) p-Tolyl 2:4: 6-trimethoxydiphenylmethy] sul- 
phide (1-3 g.) in acetic acid (40 c.c.) containing hydrogen peroxide (1 c.c. of 30%), when kept 
at room temperature for 8 days, deposited 2: 6-dimethoxy-1 : 4-benzoquinone (0-13 g.), red 
needles, m. p. 252° (decomp.) unchanged after recrystallisation from water (Found: C, 56-9; 
H, 4-7. Cale. for C,H,O,: C, 57-2; H, 48%). Ciamician and Silber (Ber., 1893, 26, 786) give 
m. p. 249°. <A similar result was obtained with acetone as solvent, and in this case also careful 
search for other products of oxidation was fruitless. 

(6) 2: 4: 6-Trimethoxydiphenylmethanol, by a similar procedure, yielded (0-14 g. from 1 g.) 
2 : 6-dimethoxybenzoquinone, m. p. 252° (decomp.), along with benzaldehyde and benzoic acid 
in varying amounts. 

(c) 2:4: 6-Trimethoxybenzene (2 g.) in acetic acid (15 c.c.) containing hydrogen peroxide 
(4 c.c.) gave, after several days, 2 : 6-dimethoxybenzoquinone (0-5 g.), m. p. 251° (decomp.). 

Formation of Sulphones and Sulphonamides.—A solution of (I) (0-55 g.) in acetic acid (4 c.c.) 
was mixed with sodium toluene-p-sulphinate (0-4 g.) and sulphuric acid (0-15 c.c.) in acetic acid 
(2c.c.). After 2 hours the mixture was poured into ice water and the precipitate crystallised 
from methanol: the resulting p-tolyl 2: 4 : 6-trimethoxydiphenylmethyl sulphone (0-4 g.) formed 
tablets, m. p. 139—140° (Found: C, 66-5; H, 5-6. C,,;H,,0,S requires C, 66-9; H, 5-9%). 
In a similar manner were obtained p-tolyl 1-(2 : 4: 6-trimethoxyphenyl)ethyl sulphone, vellow tablets 
(from ethanol), m. p. 141—142° (Found: C, 61-9; H, 6-4; S, 7-7. C,,H,,0,5 requires C, 
61-7; H, 6-3; S, 7-3%), and a-naphthyl-2 : 4: 6-trimethoxyphenyimethyl p-tolyl sulphone, rods 
(from ethanol), m. p. 157—158" (to a red liquid) (Found: C, 70-2; H, 6-0. C,,H,,0,S requires 
C, 70-1; H, 5-7%). The sulphone from (I) was recovered unchanged after 7 hours in hot 
ethanolic sulphuric acid (5%). 

N-(2 : 4: 6-Trimethoxydiphenylmethyl)toluene-p-sulphonamide.—A solution of (I) (0-55 g.) 
and toluene-p-sulphonamide (0-35 g.) in warm acetic acid (10 c.c.) containing a trace of sulphuric 
acid, after 2 days at room temperature, was poured into ice-water. The precipitated amide 
separated from butanol in plates (0-6 g.), m. p. 188° (Found: C, 64-5; H, 6-0; N, 3-1; S, 7-0. 
C,,H,,0,;NS requires C, 64-6; H, 5-9; N, 3:3; S, 7-5%). 

N-(a-Naphthyl-2 : 4 : 6-trimethoxyphenylmethyl)toluene-p-sulphonamide, prepared similarly, 
had m. p. 215—217°, tablets from acetic acid (Found: C, 67-4; H, 5:7; N, 2-4; S, 67. 
C,;H.;0;NS requires C, 67-99%; H, 5:7; N, 2:9; S, 6-7%). 

Formation of Substituted Benzoylacetones.—The components were mixed at ordinary tem- 
perature in acetic acid containing a trace of sulphuric acid, giving the following. (i) 1-Phenyl- 
2-(2 : 4: 6-trimethoxydiphenylmethyl)butane-1 : 3-dione, from benzoylacetone and (I), prismatic 
needies (from propanol), m. p. 149-5—150-5° (Found: C, 74-6; H, 6-3. C,,H,,O, requires 
C, 74:6; H, 6-3%). This ketone condenses with (a) phenylhydrazine in boiling acetic acid to 
yield 3-methyl-1 : 5-diphenyl-4-(2 : 4 : 6-trimethoxydiphenylmethyl)pyrazole, plates (from ethanol), 
m. p. 177—178° (Found: C, 78-0; H, 6-2; N, 5-6. (C,H ,,0,;N, requires C, 78-3; H, 6-2; 
N, 5:7%), (6) p-nitrophenylhydrazine to yield 3-methyl-1-p-nitrophenyl-5-phenyl-4-(2 : 4: 6- 
trimethoxydiphenylmethyl)pyrazole, yellow rhombs (from propanol), m. p. 179—180° (Found : 
C, 71-6; H, 55; N, 7-5. C3,H,O;N, requires C, 71-7; H, 5-5; N, 7-8%), (c) toluene-p- 
sulphonylhydrazine to yield 3-methyl-5-phenyl-1-toluene-p-sulphonyl-4-(2 : 4 : 6-trimethoxydi- 
phenylmethyl)pyrazole, rods (from propanol), m. p. 211—212° (Found: C, 69-9; H, 6-0; 
N, 4:9; S, 5:7. C3,H;,0;N,S requires C, 69-7; H, 5-7; N, 4:9; S, 5-6%). and (d) hydroxyl- 
amine hydrochloride in pyridine-ethanol to yield 3-methyl-5-phenyl-4-(2 : 4 : 6-trimethoxy- 
diphenylmethyl)isooxazole, rods, m. p. 166-5—167-5° (from n-propanol) (Found: C, 75:3; H, 
6-1; N, 3:2. C,.H,,O,N requires C, 75:2; H, 6-1; N, 3-4%). (ii) 2-(a-Naphthyl-2: 4: 6- 
trimethoxyphenylmethy!)-1-phenylbutane-1 : 3-dione, rods (from ethanol), m. p. 162° (Found: 
C, 76-9; H, 6-0. C,,H,,0, requires C, 76-9; H, 6-0%). 

2:4: 6-Trimethoxydiphenylmethyl Acetate.—Acetic anhydride (1 g.) and (I) (0-55 g.) were 
heated at 100° for 2 hours and the excess of anhydride removed. Crystallisation of the residual 
ester from cyclohexane yielded the acetate as needles (0-45 g.), m. p. 111-5—112-5° (Found : 
C, 68-8; H, 6-2. C,,H,,O, requires C, 68-4; H, 6-4%). This was also obtained from acetic 
anhydride and pyridine in the normal manner, and from (1) (0-5 g.) in acetic acid (3 c.c.) after 
several hours at room temperature; yields were quantitative. 

a-Naphthyl-2 : 4: 6-trimethoxyphenylmethyl acetate formed prisms, m. p. 153—154°, from 
ether—light petroleum (Found: C, 72-4; H, 6-2. C,,H,.O, requires C, 72-1; H, 61%). 
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Reactions of the Acetates with Alcohols and Phenols.—(a) With ethanol. (i) The acetate of 
(I) (0-5 g.) in 99% ethanol (5 c.c.) was heated for several minutes and left overnight; the 
solution deposited the ethyl ether of (I) as needles, m. p. 72—74° after recrystallisation (Found : 
C, 71-2; H, 7-2. Calc. for C,,H,.O,: C, 71-5; H, 7-°3%). Kostanecki (loc. cit.) gives m. p. 72— 
73°. (ii) The acetate of the naphthyl derivative yielded the corresponding ethyl ether, rods 
(from cyclohexane), m. p. 105—106° (Found: C, 74:7; H, 68. C,,H,,O, requires C, 75-0; 
H, 6-9%). 

(b) With sec.-butyl alcohol. A solution of the acetate of (I) (0-6 g.) in this alcohol (5 c.c.) was 
allowed to evaporate at room temperature. The crystalline residue of the sec.-butyl ether 
separated from aqueous methanol in rods, m. p. 89—90° (Found: C, 72-2; H, 7-7. C, 9H,,O, 
requires C, 72-6; H, 7-9%). 

(c) With benzyl alcohol. A solution of the acetate of (I) (0-63) g. and benzyl alcohol (0-22 g.) 
in chloroform was heated for several hours. The resulting benzyl ether separated from methanol 
in hexagonal plates (0-38 g.), m. p. 108—109° (Found: C, 76-1; H, 6-6. C,,f1,,0, requires 
C, 75-8; H, 6-6%). 

The following derivatives of (I) were prepared similarly in chloroform solution: p-tolyl 
ether, rods (from methanol), m. p. 128-5—129-5° (Found: C, 75-8; H, 6-4. C,,;H,,O, requires 
C, 75-8; H, 66%); 8-naphthyl ether, rhombs (from ethanol), m. p. 153—154° (Found: C, 
78-0; H, 6-2. C,,H,,O, requires C, 78-0; H, 6-0%) (both these were similarly formed from the 
alcohol in 10 hours); 8-guinolyl ether, yellow rhombs (from butanol), m. p. 206—208° (Found : 
C, 74:4; H, 5-7; N, 3-5. C,,;H,,0,N requires C, 74-8; H, 5:8; N, 3-4%); p-tolyl sulphide, 
m. p. 143—144° alone or when mixed with a specimen obtained from (I). 

p-Nitrobenzaldoxime O-(2: 4: 6-trimethoxydiphenylmethyl) ether was prepared from «-p- 
nitrobenzaldoxime (cf. Balfe, Kenyon, and Wicks, /J., 1946, 807) and the acetate of (I); it had 
m. p. 157—-158°, forming rods from ethanol (Found: C, 65-4; H, 5-3; N, 6-6. C,,;H,,O,N, 
requires C, 65-4; H, 5-3; N, 66%). p-Nitrobenzaldoxime O-(a-naphthyl-2 : 4 : 6-trimethoxy- 
phenylmethyl) ether formed yellow rods, m. p. 193-5—194-5°, from u-propanol (Found: C, 
68-4; H, 5:2; N, 59. C,,H,O,N, requires C, 68-6; H, 5-1; N, 59%). o-Methoxybenz- 
aldoxime O-(2: 4: 6-trimethoxydiphenylmethyl) ether formed tablets, m. p. 137-5—138-5°, from 
methanol (Found: C, 71-1; H, 6-4; N, 3-0. C,,H,,O;N requires C, 70-7; H, 6-2; N, 34%). 
Benzophenone oxime 2:4: 6-trimethoxydiphenylmethyl ether formed rods, m. p. 123—124°, 
from ethanol (Found : C, 77-1; H, 6-0; N, 3-3. C,,H,,O,N requires C, 76-8; H, 6-0; N, 3-1%) 
(this may be the O-ether, since the O-ethers of benzophenone oxime are more stable than the 
N-ethers; cf. Semper and Lichtenstadt, Ber., 1918, 51, 928). 

Ethyl C-2: 4: 6-trimethoxydiphenvlmethylacetoacetate, from acetoacetic ester and the acetate 
of (I), rhombs, had m. p. 83-5—84-5°, from ligroin (Found: C, 68-3; H, 6-7. C,,H,.O, requires 
C, 68-4; H, 68%). 

Di-(2 : 4: 6-trimethoxydiphenylmethyl)amine was obtained when the acetate (1 g.) of (I) was 
heated (8 hours) at 150° with aqueous ammonia (12 c.c.; d 0-88). Crystallisation of the residue 
(1 g.) from propanol yielded plates, or needles (from a small amount of solvent), m. p. 165-5— 
166-5° (Found: C, 72-5; H, 6:7; N, 2-7. C3,H,,0,N requires C, 72-5; H, 6-7; N, 2-6%). 

The o-bromobenzoate of (I) was formed when the acetate (0-63 g.) and o-bromobenzoic acid 
(0-8 g., 2 mol.) were heated under reflux (17 hours) in chloroform (10 c.c.). After removal of the 
solvent, the residue was washed with dilute sodium carbonate solution. Seven crystallisations 
from benzene-cyclohexane yielded cubes (0-2 g.), m. p. 111° (Found: C, 60-4; H, 4-8; Br, 
17-7. C,,H,,O,Br requires C, 60-4; H, 4-6; Br, 17-5%). 

The p-tolyl sulphone, obtained from the acetate of (I) and sodium toluene-p-sulphinate in 
aqueous dioxan (12 hours), had m. p. 139° alone or when mixed with a specimen obtained 
from (1). 

Action of Heat on (1).—After being kept at 200—220° for 12 hours, (I) was unchanged; 
at 280—300° for 15 minutes, (I) (1 g.) gave di-(2.: 4: 6-trimethoxydiphenylmethyl) ether (0-5 g.), 
needles (from butanol), m. p. 194—195° (Found: C, 72:5; H, 6-7. C,,H,,0, requires C, 
72-4; H, 65%). 

Dismutations by Mineral Acid.—Ethanolic sulphuric acid (2 c.c.; 20%) was added to a solu- 
tion of (I) (0-75 g.) in ethanol (25 c.c.); next day crystals (0-43 g.; m. p. 182—183°) had 
separated, which by recrystallisation from benzene—cyclohexane yielded 2: 4:6: 2’: 4’: 6’ 
hexamethoxytriphenylmethane, m. p. 185—186° alone or mixed with a specimen prepared by 
KXostanecki’s method (loc. cit.) (Found: C, 71-2; H, 6-6. Calc. for C,,H,,0,: C, 70:7; H, 
6-6%). Addition of Brady’s reagent to the acid filtrate yielded benzaldehyde 2: 4-dinitro- 
phenylhydrazone (0-25 g. ), m. p. 237—238°, alone or mixed with an authentic specimen. 





[1952] Cole: Infra-red Spectra of Natural Products. Part I. 4969 


By similar treatment 2: 4:6: 4’ - tetramethoxydiphenylmethanol (1 g.) yielded 
2:4:6: 2’: 4’: 6’: 4’-heptamethoxytriphenylmethane (0-6 g.), rods (from ethanol), m. p. 144— 
145° (Found: C, 68-4; H, 6-6. C,,H,,0, requires C, 68-7; H, 6-7%), identical with the com- 
pound obtained by condensing p-methoxybenzaldehyde with 2: 4 : 6-trimethoxybenzene ; the 
filtrate from the dismutation reaction yielded p-methoxybenzaldehyde 2 : 4-dinitrophenyl- 
hydrazone, m. p. 258° alone or mixed with an authentic specimen. 

Subjected to dismutation the naphthyl alcohol yielded 2:4: 6: 2’: 4’ : 6’-hexamethoxy- 
diphenyl-a-naphthylmethane, rods (from benzene-cyclohexane) or needles (from butanol), m. p. 
205-5—206-5° (Found: C, 72-9; H, 6-2. CygH39O, requires C, 73-3; H, 6-4%). 

Condensation of (I) with 2:4: 6-Trimethoxybenzene and with 2: 4: 6-Triethoxybenzene.—A 
solution of (I) (0-6 g.) in acetic acid (10 c.c.) was added to a vigorously stirred solution of 
2:4: 6-trimethoxybenzene (0-7 g., 2 mols.) in acetic acid (15 c.c.) containing 5 drops of sul- 
phuric acid. Next day water (15 c.c.) was added and the precipitate crystallised from butanol 
(20 c.c.). The resulting 2:4: 6:2’: 4’: 6’-hexamethoxytriphenylmethane (0-85 g.) had 
m. p. 185—186° alone or mixed with the foregoing specimen. 2: 4: 6-Triethoxy-2’ : 4’: 6’- 
trimethoxytriphenylmethane, prepared similarly, formed rods (from ethanol), m. p. 113-5— 
114-5° (Found : C, 72-5; H, 7:8. C,H 3,0, requires C, 72-1; H, 7-4%). 

Thanks are expressed to the Department of Scientific and Industrial Research for a main- 
tenance allowance to one of us (R. F. M.) and to the Research Fund of the University of London. 


BATTERSEA POLYTECHNIC, Lonpon, S.W.1I1. (Received, September 17th, 1952.) 


969. Infra-red Spectra of Natural Products. Part I. The 
Stereochemistry of Lumistanol. 
By A. R. H. Cote, 


Infra-red measurements show that in lumistan-38-ol the hydroxyl 
group is oriented in a polar direction. This fact, when considered with 
existing stereochemical knowledge, enables an unequivocal structure to be 
suggested for this compound. 


LuMISTEROL (I) has been shown to differ from ergosterol (II) only in the orientation around 
C49) (Kennedy and Spring, J., 1939, 250). Doubt still exists, however, about the stereo- 
chemical configuration, especially at the 5-position, of the saturated hydrogenation product 
lumistanol. This was prepared as its acetate from dihydrolumisteryl acetate by Ahrens, 
Fernholz, and Stoll (Annalen, 1933, 500, 109) and from lumisteryl acetate by Heilbron, 
Moffet, and Spring (J., 1937, 411). 
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Attention has been drawn to this problem recently by Jones, Humphries, Herling, and 
Dobriner (J. Amer. Chem. Soc., 1951, 78, 3215). Infra-red measurements on a large number 
of 3-acetoxy-steroids indicate that the contour of an intense absorption band near 1240 cm.~! 
is related to the stereochemistry at the 3- and the 5-position. When the acetoxy-group is 
. attached to the ring by a polar C—O bond (Barton, Experientia, 1950, 6, 316) a group of two 
or three peaks is observed near 1240 cm.~!, while for equatorially oriented acetoxy-groups 
there is only a single strong peak in this region. Lumistan-3$-yl acetate gives the complex 
type of band (see Jones et al., loc. cit., Fig. 4) indicating a polar acetoxy-group, in apparent 
contradiction to ergostan-38-yl acetate which exhibits the expected simple (equatorial) 
absorption. 

More recent infra-red work (Cole, Jones, and Dobriner, J. Amer. Chem. Soc., in the 
press) has shown that in the spectra of the 3-hydroxy-steroids the intense band between 





4970 Cole: Infra-red Spectra of Natural Products. Part I. 


995 and 1055 cm.-!, due to a C—O stretching vibration, may be used to distinguish between 
polar and equatorial hydroxyl substituents. In general an equatorial hydroxy-group 
absorbs at a higher frequency than the corresponding polar group. These observations 
have now been extended to cover lumistan-38- and -3a-ol (efilumistanol) and make it 
possible to put forward an unequivocal conformation for each of these compounds. 


EXPERIMENTAL 


The infra-red spectra were measured on a Perkin-Elmer Spectrometer, Model 12c, equipped 
with a sodium chloride prism. Carbon disulphide solutions were employed in absorption cells 
1 and 3 mm. in thickness and the spectra (shown in Fig. 1) are plotted by using the apparent 
molecular absorption coefficient E, = [{log,) (T,/T)]/cl (Ramsay, J. Amer. Chem. Soc., 1952, 
74, 72). The advantages of plotting infra-red spectra of large organic molecules quantitatively 
in this manner have been pointed out previously (Cole, Jones, and Dobriner, loc. cit., and Jones, 
Appl. Spectroscopy, 1951, 6, No. 1). 

The lumistanol and epilumistanol were kindly supplied by Dr. D. H. R. Barton. The 
former had been prepared by Heilbron, Moffet, and Spring (loc. cit.) and a portion of this sample 
was converted into epilumistanol by oxidation to lumistanone and reduction by sodium and 
propanol (Ahrens, Fernholz, and Stoll, Joc. cit.). 


RESULTS AND DISCUSSION 

The intense absorption band due to the C—O stretching vibration lies at 1010 cm. in 
the spectrum of lumistan-3$-ol while for efilumistanol it occurs at 1034 cm.~} (see Fig. 1). 
Thus the hydroxyl group in the former is oriented in a polar and in the latter in an equatorial 
direction, as suggested by the method of preparation of the efilumistanol and in agreement 
with the complex band at 1240 cm."! in the spectrum of lumistan-38-yl acetate (Jones ef al., 
loc. ctt.). 

The various interconversions possible among the compounds related to vitamin D 
(for summary see Fieser and Fieser, ‘‘ Natural Products Related to Phenanthrene,’’ 3rd 
Edn., 1949, Reinhold Publ. Corp.) lead to the belief that they do not involve change in the 
stereochemical configurations of rings c and D, and it may be assumed that in lumistan-36-ol 
they are the same as in ergostan-38-ol. Models then show that there is only one possible 
structure (III) for lumistan-38-ol which allows the hydroxy] group to be polar, if it is taken 
into account that the angular C;,)-methyl group is «-oriented, and that the rings are in the 
thermodynamically more stable ‘‘ chair ’’ form. 
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The stereochemical relations expressed by (III) are more apparent when drawn as in 
Fig. 2. The structure (IV), having a 58-hydrogen atom, is not allowable, since the C,y—Ci9)- 
bond is polar with respect to ring B and (IV) requires that the Cig—C;,)-bond be also polar 
and on the opposite side of the ring. cycloHexane rings can be fused at neighbouring carbon 
atoms only when both bonds are equatorial or when one is equatorial and the other polar 
(Johnson, Experientia, 1951, 7, 315). 

Reversal of the hydroxyl group and the hydrogen atom on Cg) in Fig. 2 gives the 
proposed conformation of efilumistanol. 

The Cg-isomer of lumistanol, hexahydropyrocalciferol (perhydrodehydrolumisterol) 
(Dimroth, Ber., 1936, 69, 1123) should now be represented by Fig. 3. The 36-hydroxyl 
group in this structure is equatorially oriented and it would be useful to confirm this 
spectroscopically, but no sample has been available. 

It may appear that (III) assumes that the hydrogen atom at Cig) is B-oriented but this is 
not so. If the configuration at C;,) were « (7.e., B/C cis), then there would be two formally 
possible three-chair conformations for rings A, B, and c. Of these the «-conformation at 
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Cs) is eliminated because the 8-configuration at C,,, would be equatorial. The conformation 
with the $-configuration at C;,, would explain the polar character of the Cq-hydroxyl 
group and remains a formally acceptable possibility. It is rejected, however, when the 
corresponding structure for the C,)-isomer hexahydropyrocalciferol is examined. If the 
8-hydrogen atom is «-oriented, then in lumistanol the C,,—C;g-bond is polar and the Cy- 
Ciobond is equatorial with respect to ring c. If now the bonds at Cw are reversed to 
change the structure to that of hexahydropyrocalciferol, it is found that C@—Cy») is polar 
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and on the opposite side of ring c from C;-Cig) and this is not possible (Johnson, Joc. cit.). 
Another reason for rejecting both C;g) «-conformations is that they would involve prohibi- 
tively strong steric repulsion between the C,,,-methyl group on the one hand and the 
Cin—Ccg-bond and, especially the C;,) 8-hydrogen atom, on the other. As can be seen from a 
study of models, epimerisation of the C;49-methyl group removes the difficulty of placing 
the #-side of the lumisterol molecule on a catalyst surface, which is very apparent where the 
configurations at Ci49, and Cj,3, are both 8. Indeed the inversion of configuration at C;,») 
could hardly facilitate (as is observed experimentally) hydrogenation on the a-side at C 
whereas it is obvious that it would facilitate the possibility of hydrogenation 8 at C,.). 

In the suggested structure (Fig. 2) for lumistan-3-ol the hydroxyl group and the 5- 


(8) 
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hydrogen atom project on opposite sides of the molecule. Thus the suggestion by Jones 
et al. (loc. cit., p. 3218) that the complex bands at 1240 cm.} in the spectra of the polar 
acetates might be due to interaction of this hydrogen atom with the 3-acetoxy-group is 
probably incorrect. It seems that the contour of the “‘ acetate band ”’ at 1240 cm.~? is re- 
lated to the orientation of the C—O bond only, and is not affected by that of the C-H at 
position 5. 
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particularly grateful to Dr. D. H. R. Barton for stimulating discussions and help. Thanks are 
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970. The System Benzene-Hydrogen Bromide—Aluminium 
Bromide. Part II.* 
By D. D. Evey and P. J. KING. 


A complex, (C,H,)n,Al,Br,z, has been detected in solution by its 
characteristic absorption band at 2785A. A similar complex has been 
detected for Al,I,, and possibly exists for Al,Cl, where the concentration at 
saturation was too low for detection. It is probable that » = 1, and that 
the complex C,H,,Al,X, is analogous to Benesi and Hildebrand’s C,H,,I, 
complex discussed recently by Mulliken. The 2785A line, therefore, 
probably arises as a charge-transfer spectrum, 1.e., for the transition 
C,H,,Al,X, —-> C,H,*,Al,X,~. On introduction of hydrogen halide a 
new band appears at 3300 A which with increasing concentration spreads up 
to 5500 A and is responsible for the characteristic colour of the complex. In 
the presence of excess of hydrogen halide the 2785 A band disappears, as 
may be seen from experiments with very low concentrations of aluminium 
bromide. A band at 3400 A is also observed with C,H,,Fe,Cl,. We assume 
we have to deal with a singlet-triplet transition in the benzene molecule, 
perturbed in the first case by the electrical forces in the ternary system, and 
in the second by the magnetic moment of the ferric chloride. 


WHEREAS an absolutely pure solution of aluminium bromide in benzene is colourless, 
addition of hydrogen bromide causes the solution to become orange, and eventually to 
split into two liquid phases, the lower of which is orange-red. Evidence presented 
previously (Eley and King, Part 1*) gave a composition of the lower phase approxim- 
ating to Al,Brg,HBr,6C,H,, and showed it to be highly ionic. The nature of these 
ions is still in doubt. It seemed possible that a study of the absorption spectra might 
help and this view was supported by a personal communication from Professor J. H. 
Hildebrand. He pointed out that the conclusion that there was some solvation of Al,Brg 
molecules by benzene which comes from solubility measurements (Eley and King, Trans. 
Faraday Soc., 1951, 47, 1287) might be further investigated by ultra-violet absorption 
studies along the line pursued for iodine—benzene by Benesi and Hildebrand (J. Amer. 
Chem. Soc., 1949, 71, 2703). These authors found an intense absorption peak at 2970 A, 
which may be ascribed to an I,,CgH, complex. Mulliken (J. Amer. Chem. Soc., 1950, 72, 
600; 1952, 74, 811) suggests that the 2970 A band is due to an increase in the transition 
probability of the forbidden 2600 A transition of benzene owing to interaction of excited 
states of the two components or that it is a charge-transfer spectrum due to CgH,,l, —> 
C,H,’ I,-. 
EXPERIMENTAL 

All solutions were made up in a high vacuum, by a technique similar to that used previously 

(Eley and King, /J., 1952, 2517). The concentration of aluminium bromide in benzene was 


* Part I, J., 1952, 2517. 
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determined by weighing. Where hydrogen bromide was subsequently admitted to the system, 
its pressure was measured, and its concentration in the solution calculated by using the Henry’s 
law constant for pure benzene (Kapustinskii and Mal’tsev, Chem. Abs., 1941, 35, 957; Saylor, 
J. Amer. Chem. Soc., 1940, 62, 3228). This constant is not an exact quantity. i 

The solutions, or pure solvent, were filled into 1-cm. quartz absorption cells by a “ dry box ”’ 
technique and transferred to the Unicam S.P. 500 spectrophotometer as quickly as possible. 
The housing of the cells was kept dry by phosphoric oxide. The light transmitted by the 
solution was plotted as a fraction of the light transmitted by the pure solvent over the range 
2740—10,000 A. With care the ‘‘ dry-box ” technique was satisfactory. 

The materials used in this research were purified as before (Eley and King, Joc. cit.). 

A few experiments were also made with cyclohexane and ferric chloride. 

Aluminium Halide—Benzene.—The molar extinction coefficient ¢ calculated on the molecule 
Al,X, is plotted as a function of wave-length, 4, in Fig. 1 for aluminium bromide and aluminium 
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Fic. 1. Absorption spectra. 1, Aluminium iodide in 
benzene. 2, Aluminium bromide in benzene (the path 
length is in cm. and the concn. in moles of Al,X« per 
l.). 3, Ferric chloride in benzene (the concn. is in moles 
of FeCl, perl. Ferric chloride in cyclohexane shows 
no absorption over this range of wave-lengths). 


g 


e( — land 2) 





8 


1 





0 . . i 500 
25030003500 4000 4003000 
A 








iodide. The strong band at 2785 A obeys Beer’s law while the weak band at 3300 A does not, 
as shown by the results in Table 1. 

It is considered that the band at 3300A arises from the products of hydrolysis of the 
aluminium halide by traces of moisture. A saturated solution of aluminium chloride gave 


TABLE 1. 
Aluminium bromide in benzene. Aluminium todide in benzene. 
Concn., 10-* moles/l. (A 2785) ¢ (A 3300) Concn., 10-* moles/l. ¢(A 2785) e (A 3300) 

48-4 96-3 13-7 28- 83-8 

123-5 99-5 18-6 3-4 85-2 

153 97-5 — 20-2 84-3 

231 99-0 — 

462 - 2-58 


no measurable absorption in the l-cm. cell at 2740—10,000 A, compared with pure benzene. 
We consider that this is not due to a difference in behaviour, but rather to the low solubility of 
aluminium chloride, which may well be measurable with a longer path 

We consider two possible equilibria 


Al,Br, + C,H, => C,H,,Al,Br, ere Fa 
and Al,Br, ==> 2AlBr, K,) 


(2 

AIBr, + C,H, == C,H,,AIBr, K, 

Since Beer’s law is obeyed at 2785 A with respect to the concentration of aluminium halide 
in benzene, then, if the absorption at 2785 A is attributed to the complex, as seems likely, the 
concentration of complex is directly proportional to the concentration of aluminium bromide. 
This proves mechanism (1), except that the number of benzene molecules entering the 
equilibrium is not necessarily one. For mechanism (2) at high dilution the concentration of 
complex would vary as the square root of the halide concentration. 

Aluminium Bromide—cycloHexane.—A freshly prepared solution of aluminium bromide in 
cyclohexane (dry-box technique) was always slightly cloudy, but the cloud vanished if the 
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solution contained in the absorption cell was kept overnight in a desiccator, and the solution 
could be examined in the spectrophotometer. The result was no measurable absorption at 
2740—10,000 A. A series of bands below 2740A are thought to be associated with the 
aluminium bromide molecule. 

Hydrogen Bromide—Benzene.—A solution of 0-250 mole of hydrogen bromide per 1., corre- 
sponding to a pressure of 200 mm., gave no measurable absorption at 2740—10,000 A. 

Aluminium Bromide—Hydrogen Bromide—Benzene.—The results for this system are listed in 
Table 2. The concentration of hydrogen bromide was calculated from the Henry’s law 
coefficient for pure benzene, and is therefore only approximate. 

The full absorption curves are given in Fig. 2. Expts. 1 and 2 were made with dilute 
solutions of aluminium bromide and show that the addition of hydrogen bromide suppresses the 
characteristic band at 2785 A. Subsequent experiments were on more concentrated solutions, 
where it was found impossible to suppress the 2785 A band. These results show in a general 
way, however, that the 3300 A band is definitely associated with the ternary system 
Al, Br,,HBr,C,H,, and not with any of the components taken singly or in pairs. 


Fic. 2. Absorption spectra of the system aluminium bromide—hydrogen bromide—benzene. The numbers 
vefer to expts. in Table 2. 

















i i i 
5500 6000 6500 7000 


All the solutions described in the Table were clear, and varied from nearly colourless 
(expt. 1) to dark yellow (expt. 3). No separation of a second liquid layer occurred. In a 
further experiment conditions were adjusted to allow separation of a lower orange-red layer 


TABLE 2. 
Expt. Cg, 10‘ mole/l. ys, mm. Cupr, 10 mole/l. log I,/I; A = 2785 A log I,/I; A = 3300 A 

l 60-4 5 0-7212 0-1013 
4 60-4 2 ae ~0 0-1020 

3550 < 75 * 

651 E 5: 0-1662 

434 2 0-6383 

1340 : 1-6968 

1340 1-4660 

* Too strong for measurement. 


and the spectrum was taken (Fig. 2, curve 8). Absorption was strong at all wave-lengths below 
5500 A. This absorption may be compared with the curve observed with the yellow solution, 
expt. 3, where absorption is strong below 4500 A. 

Ferric Chloride.—The spectrum of a solution of ferric chloride in benzene is shown in Fig. 1. 
Ferric chloride in cyclohexane shows no absorption over this range. 
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The benzene solution is yellow and the colour is immediately destroyed on shaking with 
water. The concentration of ferric chloride in benzene was 0-05 g./l. A comparable amount 
of ferric chloride dissolved in cyclohexane, according to a silver nitrate turbidity test. 


DISCUSSION 
Aluminium Bromide—Benzene.—It seems probable that the 2785 A band arises from a 
molecular complex, Al,Brg + nCgH, => nC,H,,Al,Brg, where m is probably 1, as in the 
case of iodine. Experiments on the equilibrium in an inert solvent would allow this point 
to be settled, but with our present technique we have failed to secure accurate results with 
cyclohexane owing to the cloudiness already mentioned. If we adopt the Mulliken 
description, we have to consider two canonical structures 


C,H, Al,Br, C,H,* Al,Br,- 
I u 


_ If a is the coefficient of I and 6 that of II, we have for the ground state 


dy = aft + bbn 
ibe = aby = bby 


and since for a loosely bound complex a> }, the ground state is largely % and the excited 
state yy, the 2800 A band corresponding to the charge transfer yy ——> on, 1.¢., largely 
1 —> Yu. The stability of the complex is largely due to the (small) resonance energy 
between I and II. There is also the possibility of some bonding by donation of an electron 
pair from the d-shell of the bromine atoms to the antibonding x-orbitals of the benzene 
molecules, along the lines indicated by Dewar for Ag* (Bull. Soc. chim., 1951, 79c). 

The predominance of % would agree with the small dipole moment, 2—3 D, of aluminium 
bromide in relatively concentrated benzene solution (0-01Mm) (Nespital, Z. physikal. Chem., 
1932, 16, B, 153). Eley has pointed out that the small dipole moments of molecular 
complexes (compared with the expected value for complete electron transfer) may be 
explained in terms of the participation of non-bonded states in a resonance structure 
(Conference on Cationic Polymerisation, Stoke on Trent, March, 1952, to be published). 

The complex C,H,,Al,Br, is to be distinguished from the complex C,H,,AlBr,, which 
is a lattice complex (Eley and King, Trans. Faraday Soc., 1951, 47, 1287). This is most 
noticeable in the case of aluminium iodide, where C,H,,Al,1, exists in solution, but there 
is no lattice complex C,H,,All,, probably because of stereochemical factors. 

Aluminium Bromide-Hydrogen Bromide—Benzene.—The 3300 A band which appears in 
this system spreads as the concentration increases, and is responsible for the colour of the 
system. The spreading is probably mainly a solvent effect—the solution fades somewhat 
when cooled in liquid air. This band may be distinguished very clearly from the 
2785 A band associated with C,H,,Al,Br,z, which disappears eventually as more of the 
ternary system is formed. 

We consider that this band is probably associated with the transition from the ground 
singlet to the lower triplet state of benzene. The presence of a very weak band in pure 
benzene has been noted at 3400 A for absorption (Sklar, J. Chem. Physics, 1937, 5, 669) and 
emission (Shull, tbid., 1949, 17, 295). The exact assignment of the triplet state is still 
under discussion (cf., ¢.g., Shull, loc. cit.; McCline, tbid., p. 665; Mizushima and Koide, 
ibid., 1952, 20, 765), but the main point is that, because of the change in multiplicity, the 
transition probability is normally very small. In the ternary system benzene—aluminium 
bromide-hydrogen bromide conductivity measurements have shown a very strong 
dissociation into ions, possibly H* and Al,Br,~, but not yet identified with certainty. 
It would seem probable that the strong electrical forces arising from the ions will act so as 
to “‘ catalyse ’’ this transition. It seemed to us that the perturbing effect of the ions is 
similar to that suggested earlier for the radiationless transition involved in the quenching 
of fluorescence of organic molecules by ions (Eley, Trans. Faraday Soc., 1939, 35, 37). The 
suggestion that the 3300 A band arose from an electrical perturbation would be confirmed 
if the band were obtained by a magnetic perturbation. This may be supposed to be the 


and for the excited state 
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situation with ferric chloride, which in benzene in the absence of hydrogen halide may 
be expected to be largely homopolar Fe,Cl, molecules. The paramagnetism of these 
molecules in the gaseous state was established by Lallemand (Ann. Physique, 1935, 3, 97) 
and we expect a similar behaviour in solution. The band observed is not to be ascribed 
to the Fe,Cl, molecule itself, since it is not observed in cyclohexane solution. It is 
reasonable therefore to ascribe the band to a magnetic “ catalysis ’’ of the singlet—triplet 
transition. 


The authors’ best thanks are offered to the University of New Zealand for a scholarship to 
P. J. K., and to the Royal Society for a grant for apparatus. 
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971. Correlations between Monocyclic and Polycyclic Unsaturated 
Compounds from Molecular Rotation Differences. 


By Joun A. MILLs. 


Shifts in molecular rotation caused by epimerisation at one asymmetric 
centre are compared for unsaturated compounds in the monocyclic terpenoid 
and steroid groups. There is some evidence that the conventional steroid pro- 
jection formula conforms to the glyceraldehyde convention. 

Relations between structure and molecular rotation are discussed for 
unsaturated monocyclic terpenoids. An important correlation is established 
for epimeric allylic alcohols: alcohols derived from the structural unit (I) 
are always much more levorotatory than their epimers derived from the unit 
(II). 

The present status of the carvotanacetols, isolimonene, and the 7-hydroxy- 
epicholesterols is discussed. 


THE method of molecular rotation differences has been used very successfully by Barton 
and his collaborators to elucidate the structure and configuration of steroids (e.g., Barton and 
Klyne, Chem. and Ind., 1948, 755, and earlier papers), and recently Klyne (/., 1952, 2916) 
has used it for correlations between steroids and other polycyclic systems. The present 
paper describes attempts to correlate polycyclic systems with the monocyclic terpenes. 

The procedure differs from that usually followed, in that molecular rotation differences 
between epimeric pairs of unsaturated compounds are compared, rather than differences 
between saturated structures and their derivatives. The basic assumption is that it should 
be possible to trace a relation between the rotational shift caused by a configurational 
change in a monocyclic structure containing only one or two asymmetric centres, and the 
shift caused by a corresponding change in a complex polycyclic structure. There are 
several examples from the steroids and the morphine group that seem suitable for comparison 
with monocyclic terpenes, particularly amongst unsaturated compounds, for which the 
rotational changes are usually large. Only steroids are considered here. 

The monocyclic terpenes will be discussed in detail, because enough data are available 
to permit generalisations about the influence of structure on rotation, and in particular to 
give all discussions in terms of the glyceraldehyde convention. Fredga has correlated 
several terpenes with D-glyceraldehyde through the study of ‘‘ quasi-racemic ’’ compounds 
(e.g., Fredga and Leskinen, Arkiv Kemi, Min., Geol., 1944, 19, B, no. 1; Fredga, The 
Svedberg Memorial Volume, 1944, p. 261), and other evidence (which we shall review else- 
where) supports his conclusions. Birch (Ann. Reports, 1950, 47, 191) has used Fredga’s 
results, and the extensive configurational relations among terpenes deduced by Huckel 
(J. pr. Chem., 1941, 157, 225), to compile a list of representative terpenes correctly orientated 
relatively to D-glyceraldehyde (the sign of rotation for menth-3-ene in his list should be 
reversed). 

In this paper the rotations quoted are all molecular rotations, and, following Klyne 
(loc. ctt.), are usually given in parentheses after the name of the substance. Not all of the 
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rotations compared were taken in the same solvent, but we believe that the errors intro- 
duced are small compared with the magnitude of the rotational shifts involved. Data for 
which no source is given are from Simonsen’s ‘‘ The Terpenes ’’ (Cambridge Univ. Press, 
2nd Edn.), and from Fieser and Fieser’s ‘‘ Natural Products Related to Phenanthrene ”’ 
(Reinhold Publ. Corp., New York, 3rd Edn., 1949). 


UNSATURATED TERPENOIDS 


Allylic Alcohols.—Of the possible cyclic, allylic, terpenoid secondary alcohols, epimeric 
pairs of optically active carveols, cryptols, piperitols, and verbenols have been fully 
described; the menth-4-en-3-ols and carvotanacetols have not been completely charac- 
terised, and the active carvenols are unknown. Table 1 sets out the experimental data for 
the known epimeric alcohols, their p-nitro- and 3 : 5-dinitro-benzoates, the parent ketones, 
and the corresponding deoxy-compounds (terpene hydrocarbons). According to the 
evidence available, the configurational assignments are correct, and the projections con- 
form to the glyceraldehyde convention. 


R’ 

OH ( } ? 
Nu 4 . 

4) ' H 

H Me HR HR 

(IT) (111) (IV) (V) 


In each optically active epimeric pair, one epimer will be related to the (unknown) 
optically active cyclohex-2-en-l-ol (I), and the other to the enantiomorph (II). All the 
alcohols derived from the structural unit (I) (third column of Table 1) are more levorotatory 
than their epimers (fourth column), irrespective of the nature and the position of the alky] 
substituents. The differences are greatly enhanced by esterification. In the monocyclic 
series, the deoxy-compounds tend to have rotations near to the arithmetic mean of the 
rotations of the derived epimeric alcohols. 

One inference which may be drawn is that there is an asymmetric coupling of electronic 
vibrations in the two strongly polarisable bonds constituting the allylic alcohol system, 
which produces strong levorotation of polarised sodium light when in the configuration (I) 
and strong dextrorotation when in configuration (II), independently of other structural 
features. Models incorporating two coupled oscillators have been used in mathematical 
treatments of optical rotatory power (cf. Levene and Rothen, in Gilman’s ‘‘ Organic 
Chemistry,’’ Wiley, New York, Ist Edn., 1938, Vol. II, p. 1791). 

If this observation is of general validity it will be of practical value in the assignment 
of configurations to alcohols, and in correlations with glyceraldehyde. Two carbohydrates, 
p-xylal and D-arabinal, included in Table 1, show a large difference in rotation of the 
expected sign, but great weight should not be assigned to this, because of the possibility 
of strong vicinal effects from the adjacent hydroxyl groups, and of electronic interaction 
with the ring-oxygen atom. 

The data of Table 1 are incomplete, and some predictions may be made of probable 
values for the unknown rotations. These deductions were aided by depicting graphically 
the data of Table 1, particularly by plotting the values for alcohols, esters, and hydro- 
carbons related to dextrorotatory ketones, 

The structural type is seen to be more important than the nature of the alkyl group 
(see also the discussion on unsaturated hydrocarbons, below). Carveyl, carvotanacety], 
and menth-4-en-3-yl compounds are of a common structural type, and the alcohols have a 
common chemical property in ready racemisation by acid-catalysed anionotropic re- 
arrangement (Read and Swann, Joc. cit.). trans-Carveyl and trans-menth-4-en-3-yl 
derivatives have comparable large rotations, and cis-carveyl and cis-carvotanacetyl 
derivatives have comparable, much smaller rotations. It is likely that the unknown cis- 
carvotanacetol and cis-menth-4-en-3-ol will resemble cis-carveol in having quite small 
rotations, and that cis-menth-4-en-3-yl esters will have rotations comparable to those of 
cis-carveyl esters. cis-Carvotanacetol has not been isolated in the free state, but the 

14Q 
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rotations for its p-nitro- and 3 : 5-dinitro-benzoate reported by Read and Swann are near 
the expected values. 
Read and Swann’s values for the rotations of (+-)-trans-carvotanacetol (+ 166°) and 


TABLE 1. Molecular rotations of allylic terpenoid alcohols. 


Epimeric alcohols 
Deoxy- 4 A — AIM )p 
Ketone compound Type (1) Type (II) (11) —(1) 


O 





trans —165 ‘ +104 269 
NB —494 ‘ +540 1034 
DNB — 500 N +518 1018 


HY” 


Cryptone 
(—90°) 


trans 
\ NB 
Y No ) DNB 
NH H 

Piperitone Menth-1l-ene 

(—103°) (—161°) 


J 


LO 
trans 
NB 
’ DNB 
oy H 
Carvone Limonene 
(+94°) (+169°) 


O 
trans 
NB 
: DNB 
] 

H NH 
Carvotanace- Menth-l-ene 
tone (+ 90°) (+161°) 


AY 
; trans 
| NB 
DNB 


Menth-4-en- Menth-3-ene 
3-one (—119°) (—149°) 


| 
NN N 
NI J NI 4 
O 
Verbenone a-Pinene 
(+273°) (+70°) 


trans +257 
NB +593 


yw ~OH 
, 
O./" On O% On 
p-Xylal — 295 p-Arabinal +235 7, 8,9 
diacetate —628 diacetate +532 
Rotations are mainly for the homogeneous state, except for esters (NB = p-nitrobenzoate, DNB = 
3 : 5-dinitrobenzoate), which are for chloroform solution. Data from ‘‘ The Terpenes” and: 1, 
Gillespie, Macbeth and Mills, /., 1948, 996; 2, Macbeth and Shannon, /., 1952, 2852; 3, Johnston 
and Read, J., 1934, 233; 4, Read and Swann, /J., 1937, 239; 5, Malcolm and Read, /., 1939, 1037; 
6, Schulz and Doll, Schimmel’s Ber., 1942-43, 50; 7, Gehrke and Obst, Ber., 1931, 64, 1724: 8. Gehrke 
and Aichner, Ber., 1927, 60, 918; 9, Meisenheimer and Jung, Ber., 1927, 60, 1462 
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its p-nitrobenzoate (+258°) do not fit the general pattern, being much lower than ex- 
pected. Johnson and Read (loc. cit.) obtained from trans-carveol a substance believed to 
be (+)-trans-carvotanacetyl 3 : 5-dinitrobenzoate, that is seen to have a rotation (+-619°) 
of the expected magnitude. Read and Swann’s value for (+-)-trans-carvotanacetyl p- 
nitrobenzoate is near to that to be expected for an equimolecular mixture of (+-)-trans- 
and (—)-cis-p-nitrobenzoates; if this assumption is made, the calculated value for the 
pure trans-ester is +670°. 

The assumption of an equimolecular mixture to reconcile the data is not dictated solely 
by mathematical considerations. It is quite reasonable that an equimolecular mixture of 
diastereoisomeric esters should form a compound not resolvable by recrystallisation ; 
such a compound would represent a limiting case of quasi-racemic compound formation 
in which the sets of groups about the centres of opposite configuration are structurally 
identical. The possibility that such equimolecular diastereoisomeric compounds may be 
formed from esters of cyclic terpene alcohols does not seem to have been explored, but it 
is known that epimeric p-nitrobenzoates of cyclic alcohols have a tendency to form mixed 
crystals (e.g., the cryptols; Gillespie, Macbeth, and Mills, loc. cit.). 

Read and Swann found that their crude carvotanacetol mixture (+ 143°) (which should 
have contained comparable amounts of the epimers, since it was obtained by aluminium 
isopropoxide reduction; cf. Jackman, Macbeth, and Mills, J., 1949, 2641) gave the sup- 
posedly pure p-nitrobenzoate rather easily, with only a small change in rotation (+-166° 
for the regenerated alcohol), but did not afford a crystallisable 3 : 5-dinitrobenzoate; this 
suggests that the crude alcohol was far from optically pure. The cts-carvotanacety] esters, 
which have the expected rotations, were isolated from an abnormal batch of crude carvo- 
tanacetol (+85°) that appears to have contained a preponderance of cts-epimer. 

The unknown carvenols should show optical rotations similar to those of the piperitols, 
and, like the piperitols and other allylic alcohols with branching at the y-carbon atom, be 
very susceptible to acid-catalysed 1:4-dehydration. In piperitols, two asymmetric 
centres are adjacent, and the enhanced rotational differences noted are probably due to 
stronger vicinal action than in the other alcohols of Table 1. 

Unsaturated Hydrocarbons.—Data for the hydrocarbons in Table 1, and other available 
examples, show that a double bond may cause large rotational shifts when introduced into 
a cyclohexane ring at a position either 2 : 3 or 3 : 4 to an alkyl group. 

Consideration of 4-methylcyclohex-l-ene (III; -+97°) (Mousseron, Bull. Soc. chim., 
1946, 218) and, in Table 1, limonene (+169°), menth-l-ene (+161°), and menth-3-ene 
(—149°) suggests the generalisation that the projection (IV), in which the hydrogen atom 
at the asymmetric centre is two places removed from the double bond in a clockwise 
direction and orientated above the plane of the ring, will represent a dextrorotatory com- 
pound when R, R’ are simple alkyl groups; when R’ is present the rotation is likely to 
be of the order of +-150°, but probably less when R’ = H. 

The structure (V), in which the hydrogen atom is orientated above the plane at an 
asymmetric centre one place clockwise from the double bond, is also associated with dextro- 
rotation. 3-Methyleyclohex-l-ene (V; R= Me; +74°) (Mousseron, Joc. cit.) is the only 
simple representative of the class, but the rotational differences between (-+-)-trans-menth- 


Me 
: Me 
@ 


! 5 | ‘5 
» \4 ¥ / 
H’ pri iH priH 


(VT) (VII) (VIII) (IX) (X) (XI) 


2-ene (VI; +182°) and (+)-cis-menth-2-ene (VII; +63°) (Hiickel and Wagner, Ber., 
1941, 74, 657), and between (+-)-cts-8-pinene (VIII; +80°) and (—)-trans-8-pinene (1X; 
— 146°) (Schmidt, Chem. Ber., 1947, 80, 520), are doubtless due largely to the epimerisation 
of the hydrogen atom at one asymmetric centre; the sign of the difference is the same as 
for transformation of (V; R = Me) into its enantiomorph, and a difference of the same 
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sign is obtained by epimerisation at C,,) only in (VI) or (VII). The four molecular rotation 
differences (148°, 119°, 226°, 245°) obtainable by epimerisation of one C-H group in the 
structures (V; R = Me) to (IX) differ considerably, although the signs conform; evidently 
strong vicinal effects are introduced even when the two centres are separated as in menth- 
2-ene. 

(—)-a-Phellandrene (X; —241°) (Hancox and Jones, Univ. Queensland Papers, 1939, 
1, 14) and (—)-$-phellandrene (XI; —101°) (Berry, J. Proc. Aust. Chem. Inst., 1947, 14, 
387) are included to show that large molecular rotations are associated with monocyclic 
conjugated dienes, but nothing is known about the effect of altering the nature and degree 
of alkylation of the diene system. 

Altering the polarity of alkyl substituents has surprisingly little effect on rotation, 
provided the structural type remains constant. The various combinations of methyl, 
tsopropyl, and tsopropenyl in Table 1 have very similar rotations, and this is generally true 
if one of the alkyl groups is hydroxylated; e.g., (—)-«-terpineol (XII; —155°), (—)- 
menth-l-ene (XIII; R= Me; —161°), and (—)-limonene (XIV; R= Me; —169°); 


| ‘H oH | Hi 
HO-CMe, CHMe, Me-C:CH, Me-C:CH, Me-C:CH, 
(XU) (XID) (XIV) (XV) (XVI) (XVII) 


phellandrol (XIII; R= CH,°OH; —167°) and phellandryl esters [p-nitrobenzoate 
(—182°), 3: 5-dinitrobenzoate (—173°), hydrogen phthalate (—164°), phenylurethane 
(—164°), a-naphthylurethane (—170°); Human, Macbeth, and Rodda, /., 1949, 350]; 
perillyl alcohol (XIV; R= CH,°OH; —148°) and perillyl acetate (—147°) (Schmidt, 
Chem. Ber., 1950, 83, 193). Fuller and Kenyon (J., 1924, 125, 2304) found that 
aliphatic esters of «-terpineol have rotations very similar to that of «-terpineol itself, but 
divergence occurs for more complex esters, ¢.g., the hydrogen phthalate (—124°) and 
phenylurethane (—112°). In the dicyclic series, a-pinene (XV; R = Me; +70°), myrtenol 
(XV; R CH,°OH; +76°) and various myrtenyl esters (+64° to +76°; Akermann, 
Annalen, 1920, 420, 1) also show little change in rotation as the alkyl group is altered. 
Free rotation of the substituents can reduce the effects of differing polarity, but not abolish 
them. As expected, introducing conjugation has a marked effect, as in phellandral (XIII ; 
R = CHO; —243°), perilla aldehyde (XIV; R= CHO; —220°), and myrtenal (XV; 
R = CHO; +23°). 

One reported variant on the structural type (VI) deserves comment. By the thermal 
decomposition of a dihydrocarveyl methyl xanthate, Tschugaev (J. Russ. Phys. Chem. 
Soc., 1904, 36, 993) obtained a product, (—)-isolimonene (—191°), to which he assigned the 
structure of a mentha-2 : 8(9)-diene. Some doubt has been expressed about this formulation 
(“‘ The Terpenes,’’ Vol. I, p. 214), although support for it has been forthcoming (Pigulevski 
and Gorbunova, Chem. Abs., 1947, 41, 6551). The magnitude and sign of rotation indicate 
that (—)-tsolimonene is in fact (—)-trans-mentha-2 : 8(9)-diene (XVI), and the trans- 
configuration is also indicated by the method of preparation. The dihydrocarveol from 
which it was made apparently is the chief product from the reduction of (+-)-carvone with 
sodium in alcohol (cf. Johnston and Read, loc. cit.), and is therefore the thermodynamically 
most stable isomer (XVII), with all-equatorial substituents (Barton, Experientia, 1950, 6, 
316). However, the decomposition of the methyl xanthate appears to produce far more of 
(XVI) than would be expected, in view of the preferential elimination towards a tertiary 
carbon atom when this is possible (Barton, J., 1949, 2174). 

One allylic alochol with a hydroxyalkyl substituent is known. Sobrerol (—240°; 
Wallach, Annalen, 1918, 414, 195) must be represented by (XVIII), the ¢rans-configuration 
following from its correlation with meodihydrocarveol (XIX) (Schmidt, loc. cit., footnote 4). 
Sobrerol has a rotation of the same sign as, but rather less than, the configurationally 
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related carveol (—328°) and menth-4-en-3-ol (—299°). cis-Sobrerol apparently has not 
been described ; its rotation probably would be quite small. 
An interesting and important example is found in the 1 : 3-menthane series. (+-)- 


= on 


4 "4 Me 
YY “i ay Si, 

| “H H” H” H 
HO-CMe, Me-C:CH, Me-C:CH, Me-C:CH, HO-CMe, HO-CMe, 

(XVIII) (XIX) (XX) (XXI) (XXII) (XXIII) 
Sylvestrene is believed to be a mixture of (XX) and (XXI), the correlation with glyceral- 
dehyde following from the relation to (+-)-car-3-ene and (-+-)-car-4-ene (cf. Birch, loc. cit.). 
The individual rotations of (XX) and (X XI) are not known, but the related sylveterpineols 
(XXII) and (XXIII) are known in practically pure forms (Haworth and Perkin, /., 1913, 
103, 2225). Isomer (XXII) is strongly dextrorotatory (-+-71°), and therefore conforms to 
the general behaviour of analogous | : 4-menthane derivatives, but (XXIII) is slightly 
levorotatory (—4°). The latter differs from (+-)-«-terpineol in having the methyl group 
at the opposite end of the double bond; this will reverse the preferred direction of polaris- 
ation of the double bond, and this suffices to annul the strong dextrorotation of «-terpineol. 
Data for the unmethylated analogue of (X XIII) would be of interest. 

These examples from the monoterpenoids provide enough working rules to be of use in 
assigning configurations to, and assessing optical purity of, other terpenes, and should 
provide an interesting testing ground for theories on the origin of optical rotatory power. 
Their application to configurational problems in more complex unsaturated structures is 
discussed below, and the example of the sylveterpineols shows that the application should 
be carried out with discretion. 

Reference may be made to a method which is sometimes used to assess the rotatory 
contributions of individual asymmetric centres in a complex structure (cf. Fieser and 
Fieser, op. cit., pp. 26, 211). It has been assumed that if, for example, the introduction of 
a double bond near to one asymmetric centre causes a strong dextrorotatory shift, the con- 
tribution of the asymmetric centre is dextrorotatory in the saturated structure. This 
argument is quite fallacious, as the direction of the shift on introduction of unsaturation 
will be largely determined by the spatial arrangement of the double bond and the asym- 
metric centre, and the degree of alkylation of the double bond. 

Unsaturated Sesquiterpenes.—No sesquiterpene appears to have been correlated with 
glyceraldehyde, but firm correlations may now be advanced in at least two cases. The 
environment of the sole asymmetric centre in lanceol (XXIV; R = OH) (Birch and Murray, 
J., 1951, 1888; Eschenmoser, Schreiber, and Keller, Helv. Chim. Acta, 1951, 34, 1667) 
and §-bisabolene (XXIV; R = H) is comparable to that in limonene (XIV; R = Me), 


CH, Me 


YS, 
\ 7 


ah 
Me Me 
(XXVI) 


therefore projection (XXIV) should represent the (—)-forms. For natural lanceol (—152°) 
and the derived 8-bisabolene (—157°) Birch and Murray observed relations similar to that 
of limonene (— 169°). 

Zingiberene (XXV) contains the elements of «-phellandrene (X) (Eschenmoser and 
Schintz, ibid., 1950, 33, 171), with an additional asymmetric centre in the side chain. 
The configuration at the latter centre is unknown, but its contribution to the total activity 
of zingiberene is not likely to exceed the rotation of «-curcumene (XXVI; [M];4., +84°). 
The sign of rotation for zingiberene should be determined by the configuration of the 
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«-phellandrene portion, and natural zingiberene (—150°), which has not been obtained 
demonstrably pure, is probably one of the diastereoisomers represented by (XXV). The 
complete configuration of zingiberene would be of interest, because it is related to that of 
some dicyclic sesquiterpenes (cf. Soffer, Steinhardt, Turner, and Stebbins, J. Amer. Chem. 
Soc., 1944, 66, 1520; Eschenmoser and Schintz, loc. cit.). : 


UNSATURATED STEROIDS 
Allylic Alcohols.—While this paper was being written, Klyne (Helv. Chim. Acta, 1952, 
35, 1224) pointed out that the large rotational shifts associated with epimerisation of the 
hydroxyl group in some allylic steroid alcohols (cf. Schaltegger and Miillner, ibid., 1951, 
34, 1096; Heymann and Fieser, ibid., 1952, 35, 631; Henbest and Jones, J., 1948, 1798) 


i tp 
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(XXX) (XXVITa) (XXVIIb) 
are rationally explained in three cases if the spatial dispositions of the hydroxyl group 
and the double bond are taken into account. Altogether, there are at‘least seven epimeric 
pairs of homoannular allylic alcohols (see Table 2) which show a uniformity of molecular 


H 


TABLE 2. Molecular rotations of allylic steroid alcohols. 


Epimer of Epimer of A(M]p Deoxy- 
Structure type (I) type (II) (II) —(1) compound _§ Refs. 
Ring a 
Cholest-4-en-3-ol (XXVII; 
C,H,>) + 170° 3a, +467° + 297° + 248° 
Androst-4-en-3 : 178-diol 
R = OH) 38, + 142 3a, +545 + 403 +136 
Cholesta-4 : 7-dien-3-ol (XXVIII; = 
C,H,,; + 38 3a, +307 269 
8, — 239 3a, +538 
3 : 5-dinitrobenzoate 38, — 454 3a, +919 
Ergosta-4 : 7 : 22-trien-3-ol (XXVIII; 
R = C,H;,;) 38, 143 3a, +150 
acetate : 339 3a, +405 
Ring B 
Cholest-5-ene-38 : 7-diol (XXIX; 
R = C,H,,, R’ = H) ,— 351 + 29 + 380 
7-monoacetate . 851 , +322 +1179 
diacetate 847 , +252 +1099 
dibenzoate 7a, 641 , +573 +1214 
22-isoSpirost-5-ene-38 : 7-diol (XXIX; 
RR’ = C,H,,0,) 690 , —323 + 367 
dibenzoate — 1068 , +166 +1234 


Methyl 3a: 12-dihydroxychol-9(11)- 
enate (XXX) 4 12a, +407 +297 +17! 1 
diacetate 28, + f 12a, +976 +991 1. § 


Refs. : 1, Klyne, Joc. cit.; 2, Butenandt and Heusner, Ber., 1938, 71, 198; 3, Huang-Minlon, J. 
Amer. Chem. Soc., 1949, '71, 3301; 4, Windaus and Kaufmann, Annalen, 1939, §42, 218; 5, Windaus 
and Buchholz, Ber., 1938, 71, 576; 1939, 72, 597; 6, Ringold, Rosenkranz, and Djerassi, J. Amer. 
Chem. Soc., 1952, 74, 3318. 
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rotation differences comparable to that of the terpenes. Further, the magnitude of the 
differences for the alcohols, and the enhanced differences for the esters, are similar in the 
two series and have presumably a common cause. Again, too, the differences for the allylic 
steroid alcohols (min. 269°; mean ca. 330°) are far greater than those found on epimeris- 
ation of analogous saturated steroid alcohols (max. 181°; mean ca. 50° ; cf. Fieser and Fieser, 
op. cit., Table XV). 

The most striking feature is that all these pairs of alcohols, of very diverse structural 
types, conform to the pattern noted by Klyne for three of them, and, furthermore, when 
the usual steroid projection is used it is the same pattern as is shown by the monoter- 
penoids when they conform to the glyceraldehyde convention: the more levorotatory 
epimers are built up from the cyclohex-2-en-l-ol projection (I), and the more dextro- 
rotatory from the enantiomorphous projection (II) [cf. steroid -4-en-38-ols (XX VIIa) and 
-4-en-3a-ols (XXVII6)]. These facts suggest that the usual steroid projection conforms to 
the glyceraldehyde convention, in contradiction to Bergstrém, Lardon, and Reichstein 
(Helv. Chim. Acta, 1949, 32, 3, 1613, 1617, 2003). Other evidence in favour of this new 
correlation is presented below. 

Table 2 shows that in several cases the corresponding deoxy-compound has a rotation 
intermediate between those of the epimeric alcohols. It is even less likely for the steroids 
than for the terpenoids that the rotation of the deoxy-compound should be the arithmetic 
mean of those for the alcohols, because of the likelihood of complex vicinal actions. 

One pair of substances alleged to be epimeric allylic alcohols does not conform to the 
pattern of Table 2. Windaus and Naggatz (Annalen, 1939, 542, 204), by aluminium {so- 
propoxide reduction of 7-ketoepicholesteryl acetate, obtained two compounds which they 
called ‘‘ «- and 8-7-hydroxyepicholesterol.’’ Barton (J., 1949, 2174) pointed out that the 
evidence from pyrolysis of the dibenzoates indicated that the trivial indices were correctly 
assigned, and that the alcohols in question were therefore cholest-5-ene-3a :7a- and 
-3a : 78-diol (XXXI and XXXII). The validity of this argument is weakened by the 


CsHy, CsHi, 


(XXXI) & my (XXXII) 
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admission by Windaus and Naggatz that they could not obtain the $-dibenzoate properly 
crystalline. By analogy with the other two ring-B allylic alcohols of Table 2, the «-diol 
should be the more levorotatory by about 350°, but Windaus and Naggatz found it to be 
rather more dextrorotatory. Table 3 shows the rotational data for the two alcohols in 


TABLE 3. Cholest-5-ene-3 : 7-diols and their derivatives. 
7-Hydroxycholesterols ! “ 7-Hydroxyepicholesterols "’ * 
Derivative : “3a:7a” “3a:7p"’ 
+153° + 36° 
Diacetate 252 + 97 +340 
Dibenzoate +573 + 61 


epiCholesterol 
acetate 
benzoate 


1 Table 2. * Windaus and Naggatz, loc. cit. * Fieser and Fieser, op. cit., Table XV. ‘* Barton, 
]., 1945, 813. 5 Plattner and Lang, Helv. Chim. Acta, 1944, 27, 1872. * Barnett, Heilbron, Jones, 
and Verrill, J., 1940, 1390. 


question, for the 7-hydroxycholesterols, and for cholesterol and epicholesterol. The data 
for the ‘‘ 8-7-hydroxyepicholesterol’’ and its diacetate agree well with what would be 
expected for a substance of structure (XXXII), but the «-diol isolated by Windaus and 
Naggatz certainly is not (XXXI)._ If it is a pure compound, it may have resulted from a 
shift of the double bond. Windaus and Naggatz obtained the «-diol in greater yield 
(25%) than would be expected if it were genuinely (XXXI); under similar conditions, 





+ J 


4984 Monocyclic and Polycyclic Unsaturated Compounds, etc. 


7-ketocholesteryl acetate affords only about 7% of the 38: 7«-diol (Wintersteiner and 
Ruigh, J. Amer. Chem. Soc., 1942, 64, 2453), and structures of this type are very likely 
to suffer ionic dehydration. 

Unsaturated Hydrocarbons.—Few pairs of unsaturated steroids are known differing only 
in configuration at C;,), but the standard tables of Barton and Klyne (loc. cit.) may be used 
to calculate molecular rotation differences for epimerisation at C,,) in several structural 
ty pes. 

Saturated steroid hydrocarbon pairs epimeric at C;,) (cholestane, coprostane, etc.) 
show rotation differences of only about 6°. When a double bond is introduced at the 
2: 3-position in a saturated 5-allosteroid (5«; rings A/B trans), the molecular rotation 
changes by about +152°, whereas introducing 2: 3-unsaturation into a saturated 5-n- 
steroid (53; rings A/B cis) causes a molecular rotation shift of about —41°. Therefore, 
the molecular rotation shift caused by epimerisation of C,;) from the 5a-structure (XX XIII) 
to the 58-structure (XXXIV) is about —190°. 


( YY VY C / 
VY VAV/ AN) 
H H H 


(XXXITI) (XXXIV) (XXXV) (XXXVI) 


If the double bond, C;,;), and the C;,—CH, group are alone considered, the transform- 
ation of (XX XIII) into (XXXIV) is analogous to the transformation of (+ )-4-methyleyclo- 
hex-l-ene (III) into its enantiomorph, which causes a rotational shift of —194°. The close 
correspondence of these two values may be presented as evidence for the identity of the 
glyceraldehyde and steroid conventions, provided two objections can be met: the double 
bond may not have a constant influence in (XXXIII) and (XXXIV) on asymmetric 
centres other than C;,), because of the different shape of the A/B section in the two struc- 
tures; and the vicinal effects between C,,) and C,,9, may be much greater in the unsaturated 
compounds. 

The standard rotational increments for the introduction of 7: 8-unsaturation are 
approximately —68° for the 5a-series and +119° for the 58-series, therefore the shift on 
epimerising (XXXYV) to (XXXVI) is about +-193° (+30°). The formally analogous trans- 
.ormation among the terpenes is the conversion of (—)-menth-3-ene into (+-)-menth-3-ene, 
which causes a shift of +298°. As evidence of the correctness of the current steroid con- 
vention, this is open to the same objections as the preceding case. 

These objections cannot be met in detail, because there are no suitable data for struc- 
tures intermediate between monoterpenoids and steroids. Interaction between C;,) and 
Cyy9) is not likely to be greatly increased by 2: 3- or 7: 8-unsaturation, because neither 
centre is in an allylic position. The different shape of the A/B portion of 5«- and 58- 
steroids does not seem likely to cause marked alterations in the contributions from asym- 
metric centres other than C;,) or Cy»): for 7 : 8-unsaturation the relation of these other 
centres to the double bond is apparently the same; for 2 : 3-unsaturation it is not, but the 
double bond is now at a greater distance from the other centres than that (ca. 3-5 A) at 
which vicinal action between an asymmetric centre and a double bond seems to become 
negligible for our purpose (Stokes and Bergmann, J. Org. Chem., 1951, 16, 1817). 

The most valid objection we have encountered is that cyclohexene rings in monocyclic 
and polycyclic systems may exist in conformations sufficiently different to vitiate com- 
parisons between unsaturated hydrocarbons, or even allylic alcohols. We believe this can 
be met, at least in a general way. The basic assumption behind all the above correlations 
is that the large rotations associated with these unsaturated systems arise mainly from 
interaction between two electric fields, one associated with the double bond, the other 
with the asymmetric centre; this seems to be consistent with some modern views on optical 
rotatory power (Levene and Rothen, of. cit.; Kauzmann, Walter, and Eyring, Chem. 
Reviews, 1940, 26, 338). It is then logical to assign greater weight to a reversal of the 
asymmetric centre than to possible small angular displacements of it relative to the double 
bond. 
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Effects due to possible differences of conformation should be least when the asymmetric 
centre is in an allylic position, because of the restraint of the double bond on extensive 
atomic displacements in its vicinity. Allylic pinene derivatives are discussed along with 
monocyclic compounds (Table 1 and p. 4979) because the relevant parts of the bicyclic and 
monocyclic structures must be of nearly the same shape: ring fusion will constrain five 
ring atoms of (VIII) to a plane, and in (VII) four ring atoms will be at or near coplanarity 
because of the presence of the double bond. The slight displacements resulting from strain 
in the fomer are unlikely to introduce disturbances sufficient to mask the effect due to 
epimerisation of the asymmetric centre. 

In the comparison of (XX XIII) and (XXXIV) with 4-methylcyclohexenes, it is assumed 
that in the steroids the shift expected from the epimerisation of C;,) is great enough to pre- 
dominate over the sum of the effects due to the altered relations between the other asym- 
metric centres (these effects would have to amount to about 400° to reverse the correlation), 
and that the same relation between the C-H bond at the asymmetric centre and rotational 
shift will hold as holds in monocyclic compounds. 4-Methylceyclohexene is the closest 
monocyclic model available, but the quantitative agreement is probably fortuitous; a 
decisive shift in the same direction in each case was all that was expected. 

Stokes and Bergmann (loc. cit.) have discussed rotational shifts in unsaturated steroid 
hydrocarbons, and developed ideas with which we agree in principle. Their detailed 
discussion is based on the steroid correlation of Bergstrom, Lardon, and Reichstein (loc. 
cit.), but if the above ideas are correct the observed shifts at nuclear centres seem to be 
explicable on the current steroid convention. 

The data for allylic alcohols show by their quantity and variety that there are grounds 
for believing in the correctness of the current steroid convention. The correlation through 
unsaturated hydrocarbons is presented as a tentative new approach to the problem of 
correlation through molecular rotation differences ; at present it suffers from paucity of 
examples and the necessity for considering asymmetric centres which are also ring junctions. 
Deductions from optical data can never prove a correlation, but we feel that those above 
deserve some weight, in view of the experimental difficulties encountered by Bergstrém 
etal. The most decisive proof of steroid configuration would be the isolation of a degrad- 
ation product containing a quaternary carbon atom of known configuration 
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972. Analogues of 8-Hydroxyquinoline having Additional Cyclic 
Nitrogen Atoms. Part I. Preparative. 


By ADRIEN ALBERT and ALEXANDER HAMPTON. 


Syntheses are described of 8-hydroxycinnoline (III; R = H), 8-hydroxy- 
quinazoline (V), 8-hydroxy-1 : 6-naphthyridine (X), and 8-hydroxy-l : 7- 
naphthyridine (XII). The preparation of 8-hydroxy-1 : 7-naphthyridine by a 
modified Skraup reaction from 3-amino-2-hydroxypyridine affords the first 
example of a 3-aminopyridine undergoing ring-closure at the 4-position. 

Syntheses are also reported of 6-hydroxyquinazoline and of two analogues 
of 8-hydroxyquinoline having two additional heterocyclic nitrogen atoms. 


In continuation of a study of the antibacterial properties of 8-hydroxyquinoline and related 
compounds (Albert, Rubbo, Goldacre, and Balfour, Brit. J. Exp. Path., 1947, 28, 69; 
Rubbo, Albert, and Gibson, tbid., 1950, 31, 425) analogues of 8-hydroxyquinoline containing 
additional cyclic nitrogen atoms were required. These substances, it is expected, will help 
decide whether the site of action of 8-hydroxyquinoline is intra- or extra-cellular. 
8-Hydroxycinnoline (III; R = H) was obtained from methyl 3-methoxyanthranilate 
(I; R = CO,Me) by a method based on that described by Jacobs, Winstein, Henderson, 
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and Spaeth (J. Amer. Chem. Soc., 1946, 68, 1310) for the preparation of cinnoline. Con- 
version of CO,Me into CMe,°OH with methylmagnesium bromide was followed by dehydr- 
ation in boiling toluene to the propene [1; R = CMe:CH,] which on diazotization gave 
spontaneously 8-methoxy-4-methylcinnoline (II; R = OMe). This was readily converted 
with hydrobromic acid into 8-hydroxy-4-methylcinnoline (Il; R = OH). 


Me 
aa wN ‘f CH(NH-CHO), 


S / NN Wn VY NO, 
R R 
(II) (IV) 

Reaction of (Il; R = OMe) with benzaldehyde in the presence of zinc chloride or 
acetic anhydride led to profound decomposition. When (II; R = OH) was heated with 
benzaldehyde and acetic anhydride 8-hydroxy-4-styrylcinnoline (III; R = CH°CH-Ph) 
was isolated in 20%, yield, the reaction again being accompanied by extensive decomposition. 
However, the hydrochloride of (Il; R —OH) and benzaldehyde gave an almost quanti- 
tative yield of (III; R = CH°CH-Ph). Few examples have been recorded of the use of 
hydrogen chloride in the preparation of heterocyclic styryl compounds and it may prove 
useful in other difficult cases. 

Treatment of (III; R = CH:CH-Ph) in pyridine at 0° with one equivalent of potassium 
permanganate yielded 8-hydroxycinnoline-4-carboxylic acid (III; R= CO,H). The 
yield (25%) was improved by prior benzoylation of the hydroxyl group (the benzoyl 
group was removed during the working-up). A quantitative yield of 8-hydroxycinnoline 
(111; R =H) resulted when (III; R = CO,H) was decarboxylated in ethylene glycol. 
Later it was learned that 8-hydroxycinnoline had recently been prepared, but by a different 
route (Schofield, personal communication). 

8-Hydroxyquinazoline (V) was prepared by Riedel’s general method (D.R.-P. 174,941 
1905) for the synthesis of quinazolines. Passing hydrogen chloride into a suspension of 
3-methoxy-2-nitrobenzaldehyde in formamide gave a good yield of 3-methoxy-2-nitro- 
benzylidenebisformamide (IV; R = OMe), which with zinc dust and acetic acid (Bogert 
and McColm, J. Amer. Chem. Soc., 1927, 49, 2650) gave 8-methoxyquinazoline quanti- 
tatively. 8-Hydroxyquinazoline (V) was obtained by demethylating 8-methoxyquinazoline 
with aluminium chloride, and also by the action of zinc dust-acetic acid on 3-hydroxy-2- 
nitrobenzylidenebisformamide (IV; R = OH), but the latter route has little preparative 
value owing to the inaccessibility of 3-hydroxy-2-nitrobenzaldehyde. 6-Hydroxy- 
quinazoline was obtained similarly from 3-hydroxy-6-nitrobenzylidenebisformamide 
(prepared in 95% yield from 3-hydroxy-6-nitrobenzaldehyde). 

During the course of this work the synthesis of 5-hydroxyquinoxaline was reported by 
several workers (King, Clark, and Davis, J., 1949, 3012; Freeman and Spoerri, J. Org. 
Chem., 1951, 16, 438; Sorkin and Roth, Helv. Chim. Acta, 1951, 34, 427). A more con- 
venient method was demethylation of 5-methoxyquinoxaline with hydrobromic acid 
(yield 75%). 

8-Hydroxy-1 : 6-naphthyridine (X) was prepared from methyl 5: 8-dihydroxy-1 : 6- 
naphthyridine-7-carboxylate (VII) which Fels (Ber., 1904, 37, 2129) obtained from (VI) by 
methanolic sodium methoxide at 100° in a sealed tube. However, the latter reaction fur- 
nished also 20°, of a more water-soluble substance, which by characterization as its 5- 
acetate was shown to be methyl 5: 8-dihydroxy-1 : 7-naphthyridine-6-carboxylate (VIII) 
which had previously been obtained by Ochiai, Ishida, Nomura, Hamana, and Ishii (Chem. 
Abs., 1951, 45, 8018) from 3-(N-carbethoxymethylcarbamy])picolinic acid (IX) and sodium 
methoxide. Phosphorus oxychloride converted (VII) into methyl 5-chloro-8-hydroxy- 
1 : 6-naphthyridine-7-carboxylate, which was dechlorinated, de-esterified, and decarboxy- 
lated by hydriodic acid (in one operation) to 8-hydroxy-1 : 6-naphthyridine (X). 

2-Hydroxy-3-nitropyridine when hydrogenated in ethanol over palladium-—charcoal 
gave 3-amino-2-hydroxypyridine (XI). This base was heated with glycerol, sulphuric acid, 
and arsenic pentoxide under the conditions used by Bobranski and Sucharda (Roczn. 
Chem., 1927, 7, 192) for the preparation of 1 : 5-naphthyridine from 3-aminopyridine, but 
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none of the desired 8-hydroxy-1 : 7-naphthyridine (XII) was formed (a compound analysing 
as C,,H,,0,N, was isolated in small yield). However, when (XI) was heated with glycerol 
and m-nitrobenzenesulphonic acid in Kunz’s modification of the Skraup reaction (B.P. 
394,416; D.R.-P. 609,383/1930), (XII) was obtained in 20% yield. This appears 
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to be the first known instance of cyclisation of a 3-aminopyridine at the 4-position to give a 
1 : 7-naphthyridine. Derivatives of 3-aminopyridine with no substituent in the 2-position 
invariably gave only 1 : 5-naphthyridine derivatives (Allen, Chem. Reviews, 1950, 47, 275) 
and previous attempts to obtain | : 7-naphthyridines from 2-substituted 3-aminopyridines 
such as 3-amino-2 : 6-dimethylpyridine (Gulland and Robinson, J., 1925, 1493) and 3- 
amino-2-chloropy ridine (Rath, D.R.-P. 507,677/1926) were unsuccessful. 

2’-Hydroxypyridino(3’ : 4’-2 : 3)pyrazine (5-hydroxy-1 : 4 : 6-triazanaphthalene) (XV) 
was obtained when 4-amino-2-hydroxy-3-nitropyridine was hydrogenated over Raney nickel 
and the resulting solution of 3 : 4-diamino-2-hydroxypyridine (XVI) boiled with poly- 
glyoxal. 2:3:4-Triaminopyridine (XIII), when heated with polyglyoxal in water at 
100°, gave what seemed to be two isomeric aminopyridinopyrazines (XIV) and (XVII), 
the relative proportions depending on the initial pH. At pH 7 only one isomeride was 
produced, apparently 2’-aminopyridino(3’ : 4’-2:3)pyrazine (XIV) because alkaline 
hydrolysis gave (XV) which was made unequivocally from (XVI). The other isomeride, 
apparently (XVII), was formed almost exclusively at pH 2 and gave on alkaline hydrolysis 
a second hydroxypyridinopyrazine [4’-hy droxypyridino(2’ : 3’-2 : 3)pyrazine}]. Both this 
compound and (XV ) formed chelate structures with the cations of biv alent metals, confirm- 
ing the presence of a hydroxy-group peri to a ring-nitrogen atom. 

Some physical properties of these compounds will be discussed in a later paper. Bio- 
logical results, a preliminary account of which has been given (Albert and Hampton, 2nd 
Intern. Congr. Biochem., Paris, 1952, Abs. p. 444) will be reported elsewhere. 
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M. p.s are uncorrected. Microanalyses were by Mr. A. Bennett and Mr. P. R. W. Baker, 
Beckenham. 

Confirmatory evidence of the presence of a hydroxy-group peri to a ring-nitrogen was always 
sought by this chelation test : a small crystal of pure ferrous sulphate was added to a solution of 
the substance in boiled-out water, producing a deep red or (more rarely) yellow-brown colour 
(when too much ferrous sulphate was added the colour appeared only after the addition of 
alkali) 

Paper chromatograms were examined with a mercury-vapour lamp and Wood’s glass filter 
(princiaplly 365 mu), and with a mercury resonance lamp and Chance Brothers OX7/19874 
filter (principally 254 my), and showed blue or violet fluorescent spots. Unless otherwise stated, 
chromatograms were prepared in butanol (2 vol.) + 5N-acetic acid (1 vol.). 

3-Methoxy-2-nitrobenzaldehyde.—This was obtained by nitration (Ifodgson and Beard, 
J., 1926, 154; 1927, 2380) of m-methoxybenzaldehyde, which was prepared in 95% yield by the 
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action of methyl] sulphate and sodium hydroxide on a methanolic solution of m-hydroxybenzal- 
dehyde (Livshits, Basilevskaya, Bainova, Dobrovinskaya, and Preobrazhenskii, J. Gen. Chem. 
U.S.S.R., 1947, 17, 1671; cf. the method of Org. Synth., 1949, 29, 63, for which a yield of only 
63—72% is claimed). 

Methyl 3-Methoxyanthranilate (I; R = CO,Me).—3-Methoxy-2-nitrobenzaldehyde (33-4 g.), 
potassium permanganate (30 g., 50% excess), anhydrous sodium carbonate (20 g.), and water 
(700 ml.) were refluxed for 30 minutes and filtered while hot, and the filtrate was acidified with 
hydrochloric acid. The precipitated 3-methoxy-2-nitrobenzoic acid (34-3 g., 94%), m. p. 253° 
(Rieche, Ber., 1889, 22, 2355, gave 1a. p. 251° but no details or yield), was converted into methyl 
3-methoxyanthranilate in 85% yield by the method of Curd, Landquist, and Rose (J., 1948, 
1764). 

2-(2-A mino-3-methoxyphenyl)propan-2-ol (I; R = CMe,*OH).—Methyl 3-methoxyanthr- 
anilate (2 g.) was added in ether (20 ml.) during 30 minutes to methylmagnesium bromide 
(from magnesium, 1-62 g., 2 equiv.) in ether (40 ml.) at 2—5°, under nitrogen with vigorous 
stirring. The mixture was stirred and refluxed for 4 hours, then decomposed with ice and 
ammonium chloride and acidified (3N-hydrochloric acid), and the aqueous solution (pH 8) 
separated and extracted with ether (4 x 50 ml.). The combined ethereal extracts were dried 
(K,CO,) and the solvent removed under reduced pressure leaving crude 2-(2-amino-3-methoxy- 
phenyl) propan-2-ol (1-89 g., 949%) as a fawn-coloured solid, m. p. 68—72°. After two crystalliz- 
ations from light petroleum (b. p. 40—60°; 50 parts) (charcoal), the compound was obtained as 
white plates, m. p. 77° (Found: C, 66-6; H, 8-1; N, 8-0. C,)9H,,;0O,N requires C, 66-3; H, 8-3; 
N, 7:7%). 

2-(2-A mino-3-methoxyphenyl) propene (1; R = CMe:CH,).—The crude propan-2-ol (23-7 g.) 
was refluxed in dry toluene (80 ml.) containing iodine (0-01 g.) for 8 hours, during which water 
(2-2 ml., 95%) was collected in a separator. Toluene was removed under reduced pressure and 
the residue distilled at 0-1 mm. (yield, 18-9 g., 89% yield from methyl 3-methoxyanthranilate). 
Redistillation furnished the propene, b. p. 57°/0-05 mm., n# 1-5644 (Found: C, 73-5; H, 7-7; 
N, 8:7. C,9H,,;ON requires C, 73-6; H, 8-0; N, 8-6%). 

8-Methoxy-4-methylcinnoline (11; R = OMe).—Sodium nitrite (6-2 g.) in water (13 ml.) 
was added slowly with stirring, at —7° to —3°, to 2-(2-amino-3-methoxyphenyl)propene 
(14-5 g.) in water (60 ml.) and concentrated sulphuric acid (6-6 ml.). The mixture was stirred 
at 0° for 45 minutes and small additional amounts of sodium nitrite solution were added to main- 

The solution was diluted with ice (350 g.) and water (350 ml.), stored in the 
dark at room temperature for 3 days, basified with 40% sodium hydroxide (45 ml.), and con- 
tinuously extracted with benzene for 10 hours. The benzene was removed under reduced 
pressure. 8-Methoxy-4-methylcinnoline was obtained as orange prisms (11-2 g., 72%), m. p. 
129—130°, after crystallization from benzene (90 ml.; concentrated to 20 ml.) (charcoal). 
This material was used without further purification in the subsequent demethylation. Crystal- 
lization from light petroleum (b. p. 100—120°; 70 parts) (charcoal) and finally from benzene 
(6 parts) gave yellow prisms, m. p. 131—132° (Found: C, 69-1; H, 5-6; N, 16-5. Cy9H,ON, 
requires C, 69-0; H, 5-8; N, 16-1%). 

8-Hydroxy-4-methylcinnoline (Il; R = OH).—8-Methoxy-4-methylcinnoline (3 g.) in 
hydrobromic acid (48% w/v; 20 ml.) was refluxed for 10 hours. Excess of acid was removed 
under reduced pressure, the solid residue dissolved in water (6 ml.), and the solution adjusted to 
pH 4 with 6N-sodium hydroxide. Sublimation of the precipitate at 150—160°/0-1 mm., followed 
by crystallization from benzene (50 ml.), gave 8-hydroxy-4-methylcinnoline as cream-coloured 
needles (2-3 g.), m. p. 176-5—177-5° (Found: C, 67-8; H, 4:7; N, 17-4. C,H,ON, requires 
C, 67-5; H, 5-0; N, 17-5%). 

8-Hydroxy-4-styrylcinnoline (IIL; R = CH:CHPh).—Concentrated hydrochloric acid (3-3 
ml.) was added to a hot solution of 8-hydroxy-4-methylcinnoline (5-3 g.) in acetone (370 ml.). 
The mixture was cooled at 0° and the yellow monohydrochloride (6-33 g., 98%) collected and 
dried at 110°. The solid was finely dispersed in benzaldehyde (25 ml.) and the mixture heated 
for 1-5 hours at 155—160° (bath) while a brisk stream of dry hydrogen chloride was passed 
through it, the colour changing to red. Benzene (150 ml.) was added and the solid collected and 
washed with benzene. The dried material was suspended in water (100 ml.) at 80°, the mixture 
brought to pH 7 with ammonia, and the yellow solid (7-81 g., 95%), m. p. 191—195°, filtered 
from the hot solution and dried at 110°. After crystallization from benzene (80 parts; con- 
centrated to 10 parts) (charcoal) and from methanol (250 parts; concentrated to 75 parts) 
8-hydroxy-4-stvrylcinnoline was obtained as yellow needles, m. p. 200—201° (Found: C, 77:1; 
H, 5-1; N, 11-4. C,,H,,ON, requires C, 77-4; H, 4-9; N, 11-3%). 
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8-Benzoyloxy-4-styrylcinnoline.—Benzoy] chloride (5-3 ml., 1-5 equiv.) was added in portions 
to a solution (initial temp. 40°) of crude 8-hydroxy-4-styrylcinnoline (7 g.) in dry pyridine 
(21 ml.), the temperature being kept below 80°. The solution was heated on the steam bath for 
5 minutes and allowed to cool; the benzoate separated. Ether (300 ml.) was added and the 
solid washed with ether and triturated with water (140 ml.) containing concentrated aqueous 
ammonia (3-5 ml.). 8-Benzoyloxy-4-styrylcinnoline, crystallized three times from benzene (40 
parts) formed yellow prisms, m. p. 212—213° (Found: C, 78-7; H, 4:5; N, 7-9. C,3;H,,O,N, 
requires C, 78-4; H, 4-6; N, 8-0%) 

8-Hydroxycinnoline-4-carboxylic Acid (III; R = CO,H).—A solution of crude 8-benzoyloxy- 
4-styrylcinnoline (1 g.) in pyridine (45 ml.) and water (3 ml.) was mechanically stirred and cooled 
(ice-salt) while potassium permanganate (1-2 g., 1 equiv.) in water (20 ml.) was added at a rate 
which kept the temperature at 2—5°. The mixture was stirred for 30 min. at 2—5° and for 
2 hours at 20°. Manganese dioxide was filtered off and extracted twice with hot 0-1N-sodium 
hydroxide (60 + 40 ml.) and the combined filtrates were concentrated to ca. 20 ml. The 
solution was brought to pH 7 with concentrated hydrochloric acid and excess of acid (10 ml.) 
added, precipitating a mixture of benzoic acid and the hydrochloride of the desired acid. The 
orange solid was collected, washed with 3N-hydrochloric acid, and dried (over KOH). The 
filtrate and washings were continuously extracted at pH 2 with ether for 3 hours; the ether was 
dried (Na,SO,) and treated with ethereal hydrogen chloride, a further quantity of the hydro- 
chloride being precipitated. The combined products were shaken with ethereal hydrogen 
chloride (20 ml.) to remove benzoic acid, and the bright red hydrochloride was collected and 
washed with ether. A suspension of this in water (8 ml.) was brought slowly to pH 2 (6n- 
sodium hydroxide), an orange-red precipitate of 8-hydroxycinnoline-4-carboxylic acid (0-44 g.; 
82%), m. p. 198° (decomp.), being obtained. Crystallization from water (65 ml.) gave red needles 
(0-38 g.), m. p. 200° (decomp.). (Found: C, 56-8; H, 3-4; N, 14-7. C,H,O,N, requires C, 
56-8; H, 3:2; N, 14:7%). 

8-Hydroxycinnoline (III; R = H).—A suspension of this acid (0-95 c.) in ethylene glycol 
(6 ml.) was heated under nitrogen for 12 minutes at 180°. The solid dissolved and carbon 
dioxide was liberated. The cooled solution was diluted with water (25 ml.) and the crystals of 
8-hydroxycinnoline (0-53 g.), m. p. 182—183°, were collected and dried ina vacuum. Extraction 
of the filtrate with chloroform (6 x 15 ml.) gave a yellow crystalline solid. This was triturated 
with water giving a further quantity (0-17 g.), m. p. 180—-182°. The compound was obtained as 
stout yellow needles (0-67 g., 92%), m. p. 186—187°, by sublimation at 115—120°/0-05 mm, 
(Found: C, 65-8; H, 4:1; N, 18-7. C,H,ON, requires C, 65-8; H, 4:1; N, 192%). The 
m. p. was unchanged after crystallization from benzene (40 parts). 

3-Hydroxy-2- and -6-nitrobenzaldehyde.—m-Hydroxybenzaldehyde was nitrated according 
to Pschorr (Annalen, 1912, 391, 28) and the 6- (28%) and the 2-nitro-compound (5%) were 
separated by the method of Heilbron, Kitchen, Parkes, and Sutton (/., 1925, 2167). 

3-Methoxy-2-nitrobenzylidenebisformamide (IV; R = OMe).—A vigorous stream of dry 
hydrogen chloride was passed into a suspension of 3-methoxy-2-nitrobenzaldehyde (8 g.) in 
formamide (20 ml.). After about 15 min. the temperature reached 100°, and the aldehyde soon 
dissolved completely. The solution was cooled immediately to 80° and the resulting viscous 
suspension kept at 78—80° until it became saturated with hydrogen chloride and heat was no 
longer generated (about 15 minutes). The mixture was set aside overnight, rubbed with ether 
(3 x 20 ml.) to remove traces of unchanged aldehyde, and stirred with crushed ice (80 g.). 
6n-Sodium hydroxide (about 40 ml.) was added gradually at 0° (cooling) to give pH 8. The 
white precipitate (9-05 g.), crystallized from water (160 ml.) containing 6N-sodium hydroxide 
(0-4 ml.), gave 3-methoxy-2-nitrobenzylidenebisformamide as cream-coloured needles (8-22 g., 73%), 
m. p. 187—188° (Found: C, 47-4; H, 4:4; N, 16-4. C,,H,,O,;N, requires C, 47-4; H, 4-4; 
N, 16-6%). The nitrogen analyses were obtained by the Kjeldahl method for these bisform- 
amido-compounds ;: the Dumas method gave figures consistently 10—15% too high. 

3-Hydroxy-2-nitrobenzylidenebisformamide (IV; R = OH).—3-Hydroxy-2-nitrobenzaldehyde 
(2 g.) was treated with formamide as described above and the crude product (2-42 g., 85%), 
m. p. 214° (decomp.), isolated at pH 3 from the diluted reaction mixture. After two crystal- 
lizations from water (8 parts) 3-hydroxy-2-nitrobenzvlidenebisformamide was obtained as pale 
yellow needles, m. p. 239° (decomp.) (Found: C, 45-3; H, 3-8; N, 17-5. C,H,O,N, requires 
C, 45-2; H, 3:8; N, 17-6%). 

8-Methoxyquinazoline.—Crushed ice (340 g.) was added to a mixture of finely ground 3- 
methoxy-2-nitrobenzylidenebisformamide (28 g.) and zinc dust (84 g.). Acetic acid (112 ml.) 
was added in portions, with shaking, during 10 minutes. The mixture was then stirred at room 
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temperature for 3-5 hours with frequent additions of small amounts of zinc dust (total, 35 g.) 
during the first 1-5 hours. Excess of zinc dust was filtered off and washed with 5% acetic acid. 
Sodium hydroxide (270 g.) was dissolved in the combined filtrate and washings, giving a white 
suspension which was then extracted with ether (6 x 100ml.). Evaporation of the dried ethereal 
solution gave 8-methoxyquinazoline (17-6 g., 97%), needles, m. p. 92° [from light petroleum 
(b. p. 60—80°; 6 parts)}] (Found: C, 67-2; H, 4:8; N, 17-7. C,H,ON, requires C, 67-5; H, 5-0; 
N, 17-5%). 

8-Hydroxyquinazoline (V).—(a) From 8-methoxyquinazoline. 8-Methoxyquinazoline (4 g.) 
and anhydrous aluminium chloride (12 g.) (in a 250-ml. flask) were heated cautiously over a 
water bath; a vigorous reaction occurred and a red solid was formed. The mixture was then 
heated for 3 hours at 120—125° and the cooled solid dissolved in water (120 ml.). The solution 
was adjusted to pH 4 and the resulting brown suspension extracted continuously with ether for 
6 hours. The dried ethereal solution was evaporated and the residual solid extracted (Soxhlet) 
with light petroleum (b. p. 60—80°) for 10 hours. Removal of the solvent and sublimation at 
140—145°/25 mm. (3 hours) gave 8-hydroxyquinazoline as cream-coloured needles (1-84 g., 49%), 
m. p. 149—150° (Found: C, 66-2; H, 4:1; N, 18-9. C,H,ON, requires C, 65-8; H, 4-1; N, 
19-2%). 

(b) From 3-hydroxy-2-nitrobenzylidenebisformamide. The crude bisformamide was treated 
with zinc dust and acetic acid as described for the preparation of 8-methoxyquinazoline. The 
filtered solution was made strongly alkaline with sodium hydroxide and saturated with hydrogen 
sulphide. The pH was adjusted to 8 and the colloidal suspension of zinc sulphide which then 
coagulated was filtered off. Extraction of the filtrate at pH 7 with ether (5 x 20 ml.) gave 
pale yellow needles (0-8 g., 66%), m. p. 148—149°, which after crystallization from water 
(30 ml.) melted at 149—150° and did not depress the m. p. of the above material. 

3-H ydroxy-6-nitrobenzylidenebisformamide.—Reaction of 3-hydroxy-6-nitrobenzaldehyde 
with formamide by the method used for the 2-nitro-isomeride gave 3-hydroxy-6-nitrobenzylidene- 
bisformamide (95%), pale yellow needles (from water), m. p. 250° (decomp.) (Found: C, 45-5; 
H, 38%). 

6-Hydroxyquinazoline.—Acetic acid (8 ml.) was added during 5 minutes to a shaken mixture 
of finely ground 3-hydroxy-6-nitrobenzylidenebisformamide (2 g.), zinc dust (6 g.), and crushed 
ice (24g.). The mixture was stirred for 30 min. (temp. rise to 48°) and then for a further 2 hours 
with frequent additions of zinc dust (total 3 g.) during the first hour. The filtered solution was 
extracted continuously (at pH 7—8) withether for 8hours. The ethereal solution was evaporated 
and the residual mixture of solid and acetic acid adjusted to pH 5 with 3n-sodium hydroxide. 
The brown solid, crystallized from water (50 ml.) (charcoal), gave cream-coloured needles of 
6-hydroxyquinazoline (0-7 g., 57%), m. p. 238—239° (decomp.) (Found: C, 65°8; H, 4:1; N, 
18-8%). When the temperature of the reaction mixture was kept below 15°, as recommended 
by Riedel (Joc. cit.), a mixture was obtained and the yield of bisformamide was reduced. 

5-H ydroxyquinoxaline.—A solution of 5-methoxyquinoxaline [2 g.; prepared in 67% yield 
from 2: 3-dinitroanisole (Meldola and Eyre, /J., 1902, 988) by essentially the method of King, 
Clark, and Davis, /J., 1949, 3012] in hydrobromic acid (48% w/w; 20 ml.) was refluxed for 
6 hours. The solution was adjusted to pH 4 with 5n-sodium hydroxide and the hydroxy- 
compound isolated with ether. Sublimation at 90°/25 mm. gave yellow needles of 5-hydroxy- 
quinoxaline (1-35 g., 74%), m. p. 99-5° (Found: C, 66-1; H, 4-0; N, 19-1. Calc. for C,H,ON,: 
C, 65-8; H, 4-1; N, 192%). 

Methyl 5: 8-Dihydroxy-1 : 6-naphthyridine-7-carboxylate (VII).—A warm solution of ethyl 
quinolyliminoacetate (39 g.) (Fels, Ber., 1904, 37, 2129; Ochiai and Arai, J. Pharm. Soc. Japan, 
1939, 59, 458) in methanol (350 ml.; dried over magnesium) was added to a solution of sodium 
methoxide [from sodium (11-7 g.) and methanol (350 ml.)}._ After a few minutes a heavy red 
gelatinous precipitate formed. The mixture was refluxed for 6 hours, then added to aqueous 
oxalic acid (10% w/v; 1750 ml.) at 50°. The yellow crystalline oxalate was collected at 0°, 
washed with cold water (20 ml.), then dissolved in water (1600 ml.) at 80°, and the pH adjusted 
to 4 with 6n-sodium hydroxide. Refrigeration overnight gave cream-coloured needles (21-7 g.). 
Paper chromatography, with solvent water—dimethylformamide (1: 9, by vol.), revealed that 
the product contained a small amount of the isomeric 1 : 7-naphthyridine derivative This was 
removed by two crystallizations from water (45 parts) at pH 4, giving 18-5 g. (50%) of the pure 
ester, m. p. 205° (decomp.) (Fels, Joc. cit., gave m. p. 203—205°; Ochiai and Arai, loc. cit., gave 
219—220°). The compound was characterized as the 8-acetate, m. p. 224° (Ochiai and Miyaki, 
J. Pharm. Soc. Japan, 1938, 58, 764, gave m. p. 226°). 

Methyl 5 : 8-Dihydroxy-1 : 7-naphthyridine-6-carboxylate (VIII).—The filtrate from the initial 
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crude 1 : 6-naphthyridine ester was adjusted to pH 7 and extracted with chloroform (10 x 100 
ml.). Evaporation of the chloroform and crystallization from methanol (300 ml. concentrated 
to 50 ml.) yielded ‘cream-coloured needles (6-8 g.), m. p. 200° (decomp.). Although paper 
chromatography with dimethylformamide showed that some of the dihydroxy-1 : 6-naphthyridine 
ester was present, the substance was shown to consist mainly of methyl 5: 8-dihydroxy-1 : 7- 
naphthyridine-6-carboxylate by the preparation, in good yield, of the 5-acetate, m. p. 199° 
(decomp.) [Ochiai, Ishida, Nomura, Hamana, and Ishii, Joc. cit., give m. p. 201° (decomp.) ; 
for the unacetylated compound they give m. p. 190—205° (decomp.)]. The 1 : 6-naphthyridine 
ester was difficult to remove owing to its more sparing solubility in all solvents tested. How- 
ever, chromatographically pure 1: 7-naphthyridine ester, m. p. 201° (decomp.), was finally 
obtained after four recrystallizations of the contaminated product from methanol (30 parts). 

Methyl 5-Chloro-8-hydroxy-1 : 6-naphthyridine-7-carboxylate—Methy! 5: 8-dihydroxy-l : 6- 
naphthyridine-7-carboxylate (18 g.) and phosphorus oxychloride (90 ml.) were heated under 
reflux for 30 minutes. Phosphorus oxychloride was then distilled away under reduced pressure 
and dry chloroform distilled from the residue in order to assist removal of the reagent. The 
solid residue was added to a mixture of ice (200 g.) and aqueous ammonia (25 ml.; d 0-89), 
and the solution set aside for 30 minutes with occasional additions of ammonia to keep the 
pH at 5—6. The solution was concentrated to about 50 ml. under reduced pressure and stored 
at room temperature for 10 days, whereafter separation of the crude chloro-compound (13-8 g.), 
m. p. 219°, was complete. (Immediate extraction of the aqueous solution with chloroform, as 
described by Ochiai, Miyaki, and Sato, Ber., 1937, 70, 2018, gave only 40% of this quantity of 
crude product, m. p. 213°.) The solid was boiled with chloroform (350 ml.), and the solution 
filtered and evaporated to dryness. The residue was ground and suspended for 5 minutes in 
boiling acetone (30 ml.). The mixture was cooled to 20° and the solid collected, washed with 
acetone (10 ml.), and crystallized from isobutyl methyl ketone (680 ml.), giving straw-coloured 
needles of methyl 5-chloro-8-hydroxy-1 : 6-naphthyridine-7-carboxylate (10-2 g., 52%), m. p. 
226° (decomp.). The pure compound melted at 228° (Ochiai, Miyaki, and Sato, /oc. cit., give 
m. p. 227°). 

8-Hydroxy-1 : 6-naphthyridine (X).—Methyl  5-chloro-8-hydroxy-1 : 6-naphthyridine-7- 
carboxylate (6-2 g.) and hydriodic acid (45 ml.; d 1-7; freshly distilled from red phosphorus) 
were heated for 1 hour in a bath at 65—75°; the temperature was raised during 30 minutes to 
110° and kept there for 30 min., methyl iodide being evolved. The mixture was refluxed for 
1 hour at 135—140° to effect decarboxylation, and slowly poured while still warm (about 80°) 
into a mechanically stirred solution of sodium sulphite heptahydrate (30 g.) in water (150 ml.). 
Stirring was continued until a dark oil had dissolved, then the solution was adjusted to pH 6 
with sodium hydroxide and stored overnight at 20°. The solution was filtered from a brown 
precipitate and extracted with chloroform (10 x 40 ml.). Removal of the chloroform at reduced 
pressure gave a light yellow solid which when twice sublimed at 95° /0-01 mm. and finally crystal- 
lized from water (25 ml.) gave cream-coloured needles (1-32 g., 35%), m. p. 162°, of 8-hydroxy- 
1 : 6-naphthyridine (Found: C, 66-2; H, 4-2; N, 19-4. C,H,ON, requires C, 65-8; H, 4:1; N 
19-2%). 

3-Amino-2-hydroxypyridine (XI).—A suspensio:u of 2-hydroxy-3-nitropyridine (38-5 g., 
Binz and Maier-Bode, Angew. Chem., 1936, 49, 486) in ethanol (350 ml.) was hydrogenated over 
5% palladium-charcoal (3-3 g.). After the theoretical volume of hydrogen was absorbed 
(6 hours), the catalyst was filtered off and washed with ethanol (50 ml.). The ethanol was 
evaporated at reduced pressure and the residue dried in a vacuum and crystallized from benzene 
(2400 ml., concentrated to 100 ml.) (charcoal) giving 3-amino-2-hydroxypyridine as cream- 
coloured needles (25-2 g., 83%), m. p. 128—129° (Found: C, 55-0; H, 5-5. C;H,ON, requires 
C, 54-6; H, 55%). 

8-Hydroxy-1 : 7-naphthyridine (XII).—Nitrobenzene (52 g.) was heated with 20% oleum 
(231 g.) for 1 hour at 100°. Tothe cooled mixture glycerol (81 g.), water (145 ml.) and 3-amino- 
2-hydroxypyridine (23-1 g.) were added in succession (cooling). The solution was heated under 
reflux for 3 hours at 140—145°, then cooled and poured on crushed ice (600 g.). Aqueous 
ammonia (about 350 ml.; d 0-89) was added to adjust the pH to 7, and the mixture filtered at 
35° and then cooled to 5°, giving a precipitate of crude 8-hydroxy-1 : 7-naphthyridine. This 
was dissolved in water (130 ml.) and the clarified solution extracted with ether (3 x 30 ml.) at 
pH 5 (the ethereal solution being discarded) and then at pH 7 with chloroform for 40 hours in a 
continuous extractor. Evaporation of the chloroform gave light brown crystals of the naph- 
thyridine (5-8 g.), m. p. 226—228°. An additional quantity (1-3 g.; m. p. 230—232°) was 
obtained by extracting the filtrate from the crude product with ether and chloroform as described 
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above, redissolving the chloroform-soluble portion in water, again extracting this with ether 
and chloroform, and finally crystallizing the product from water. Two crystallizations of the 
combined fractions from water (3 parts) gave 8-hydroxy-1 : 7-naphthyridine as cream-coloured 
needles (6-0 g., 19°5%), m. p. 233-5° (Found: C, 65-6; H, 4-1; N, 18-8. C,H,ON, requires 
C, 65-8; H, 4-1; N, 19-2%). 

Product obtained from 3-Amino-2-hydroxypyridine by a Conventional Skvaup Reaction.— 
3-Amino-2-hydroxypyridine (0-5 g.), glycerol (0-15 g.), concentrated sulphuric acid (0-15 g.), 
and arsenic pentoxide (0-02 g.) were heated at 190° for 6 hours. Water (5 ml.) was added to 
the cooled mixture and a dark brown granular solid separated. Sublimation of this at 280°/0-4 
mm. gave a yellow solid which, crystallized twice from water (400 parts), formed pale pink needles 
which became pale yellow on drying at 110°. The substance (0-15 g.) decomposed without 
melting at 210—215° and showed no foreign spots on paper chromatography (Found: C, 56-1; 
H, 4:6; N, 19:3. C,,H,,0O,N, requires C, 54:5; H, 4:6; N, 19-1%). The compound was 
soluble in 0-1N-sodium hydroxide and 3n-hydrochloric acid; it did not form chelate structures 
with bivalent metals. 

4-Chloro-2-hydroxy-3-nitropyridine.—A suspension of finely ground 2: 4-dihydroxy-3- 
nitropyridine (9-5 g.) (Kégl, van der Want, and Salemink, Rec. Trav. chim., 1948, 67, 29) in 
phosphorus oxychloride (95 ml.) was heated on the steam-bath with frequent agitation until 
dissolved (15 minutes), and then heated at 80° for 10 minutes. Phosphorus oxychloride was 
removed under reduced pressure and the residue decomposed with ice, giving a yellow mixture 
(9:7 g.) of 4-chloro-2-hydroxy-3-nitropyridine and 2: 4-dichloro-3-nitropyridine. This was 
dried in a vacuum and triturated with chloroform (50 ml.). Crystallization of the insoluble 
portion (7 g.) from ethanol (100 ml., concentrated to 50 ml.) (charcoal) gave 4-chloro-2-hydroxy- 
3-nitropyridine as yellow plates (5-37 g., 50%), m. p. 216°. This compound was obtained in 
unstated yield by Kégl, van der Want, and Salemink (Joc. cit.) asa by-product of the preparation 
of 2: 4-dichloro-3-nitropyridine; no details were given for the separation of the two products. 

2’-Hydroxypyridino(3’ : 4’-2 : 3)pyrazine (5-Hydroxy-1 : 4: 6-triazanaphthalene) (XV).—A sus- 
pension of 4-amino-2-hydroxy-3-nitropyridine (3-46 g.; prepared from 4-chloro-2-hydroxy-3- 
nitropyridine according to Salemink and van der Want, Rec. Trav. chim., 1949, 68, 1013) in 
ethanol (90 ml.) was hydrogenated over Raney nickel. The theoretical volume of hydrogen was 
absorbed in 30 minutes. White granular crystals of 3: 4-diamino-2-hydroxypyridine (XVI) 
which formed during the reaction were dissolved by addition of more ethanol (90 ml.) and boiling. 
Polyglyoxal (1-5 g.) was added to the filtered solution and the mixture refluxed for 1 hour, then 
concentrated to about 10 ml., giving crude 2’-hydroxypyridino(3’ : 4’-2 : 3)pyrazine hemihydrate 
which after two crystallizations from alcohol (100 parts, concentrated to 20 parts) formed yellow 
needles (1-92 g., 57%), m. p. 270° (decomp.) (Found, for material crystallized from water and 
dried at 110°: C, 54:1; H, 3-8; N, 26-7. C,H,ON,,4H,O requires C, 53-9; H, 3-9; N, 26-9%). 
The polyglyoxal used was the white hygroscopic solid which slowly separates from bottles of 
syrupy glyoxal. 

2:3:4-Triaminopyridine Dihydrochloride.—2 : 4-Diamino-3-nitropyridine (2-8 g.) (K®6gl, 
van der Want, and Salemink, /oc. cit.) was suspended in ethanol (20 ml.) and hydrogenated over 
Raney nickel. Thecolourless solution was filtered into 10N-hydrochloric acid (4-5ml.). 2:3: 4- 
Triaminopyridine dihydrochloride (3-4 g., 95%), m. p. 246—248°, was obtained as a white 
crystalline precipitate. K6gl, van der Want, and Salemink (loc. cit.) used sodium sulphide for 
the reduction and gave m. p. 259°. 

2’-Aminopyridino(3’ : 4’-2 : 3)pyrazine (XIV).—A solution of crude 2: 3 : 4-triaminopyridine 
dihydrochloride (0-2 g.) and polyglyoxal (0-07 g.) in alcoholic N-sodium hydroxide (1 ml., 2 
equiv.) was refluxed for 1 hour. The solution was filtered from sodium chloride and evaporated 
to dryness, and the solid residue sublimed at 140—160°/25 mm. Two crystallizations of the 
sublimate from 20 parts of water gave yellow needles (0-03 g., 20%), m. p. 187—188°. The 
compound was considered to be 2’-aminopyridino(3’ - 4’-2 : 3)pyrazine because hot 5N-sodium 
hydroxide. converted it into the above 2’-hydroxypyridino(3’ : 4’-2: 3)pyrazine when the 
procedure detailed below for the preparation of 4’-hydroxypyridino(2’ : 3’-2 : 3)pyrazine was 
used. 

2’-Aminopyridino(3’ : 4’-2 : 3)pyrazine was also obtained in 15% yield by heating 2: 3: 4- 
triaminopyridine and polyglyoxal in water at pH 7; at pH 2 the yield was less than 1%. 

4’-Aminopyridino(2’ : 3’-2 : 3)pyrazine (XVII).—Polyglyoxal (1-15 g.) was dissolved in a 
solution (pH 2) of 2:3: 4-triaminopyridine dihydrochloride (3-4 g.) in N-sodium hydroxide 
(13-6 ml., 0-8 equiv.), and the mixture heated under reflux for 1 hour in a steam-bath. The 
cooled mixture was adjusted to pH 7 with 6N-sodium hydroxide and refrigerated overnight. A 
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dark orange precipitate was washed with water and then dissolved in boiling water (100 ml.). 
The solution was filtered and concentrated (charcoal) to about 10 ml., giving 4’-aminopyridino- 
(2’ : 3’-2 : 3)pyrazine monohydrate, which formed orange-yellow plates (1-8 g., 64%), m. p. 254— 
255° (decomp.), from water (charcoal); this gave no foreign spots on paper chromatography. 
For analysis the compound was dried for 2 hours (P,O;) at 110°/25 mm. (Found: C, 51:3; 
H, 3:7; N, 34:3. C,H,N,,H,O requires C, 51-2; H, 4:9; N, 34-1%). 

4'-Hydroxypyridino(2’ : 3’-2 : 3)pyrazine.—A suspension of 4’-aminopyridino(2’ : 3’-2 : 3)pyr- 
azine monohydrate (1-7 g.) in 5n-sodium hydroxide (130 ml.) was heated for 3 hours at 140°. 
The yellow solution was brought to pH 6 with concentrated hydrochloric acid, filtered from 
precipitated silica, and evaporated to dryness. The residue was extracted (Soxhlet) with 
absolute ethanol for 8 hours. The alcoholic solution was evaporated to dryness and the residual 
solid crystallized twice from water (40 ml.), giving yellow needles (0-93 g., 61%) of chromato- 
graphically pure 4’-hydroxypyridino(2’ : 3’-2 : 3)pyrazine, decomp. 290—310° (Found: C, 57-2; 
H, 3-2; N, 28-5. C,H,;ON, requires C, 57-2; H, 3-4; N, 28-6%). 
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973. The Structure of Fischer's “ Anhydro-lactosazone’’ and 
Other Anhydro-osazones. 


By S. BAYNE. 


‘ 


Fischer’s ‘‘ anhydro-lactosazone,”’ which is readily formed from lactose 
phenylosazone in hot alcohol, is identified as 3 : 6-anhydro-4-8-p-galactosido- 
p-allose phenylosazone by formation and hydrolysis of its phenylosotriazole.* 
“* Anhydro-cellobiosazone ’”’ is similarly identified. 

t-Gulose phenylosazone, when heated with acid methanol, undergoes 
anhydride formation with Walden inversion on C,,, to form 3: 6-anhydro-L- 


galactose phenylosazone. The phenylosotriazoles from this compound and 
from the D-isomer are described. 


MONTGOMERY and Hupson (J. Amer. Chem. Soc., 1930, 52, 2105) noted that lactosazone 
did not exhibit a constant final rotation on repeated recrystallisation. In the purification 
of lactosazone for the preparation of lactosone (Bayne, Biochem. J., 1952, 50, xxvii) it was 
observed that on recrystallisation from hot ethanol and treatment with decolorising 
charcoal the osazone was partly converted into Fischer’s ‘‘ anhydro-lactosazone’’ (Ber., 
1887, 20,829). A sample which had been recrystallised four times contained about 25% of 
lactosazone and 75% of anhydro-osazone and was moderately levorotatory. The com- 
ponents were separated by extraction with hot water in which the anhydro-osazone is 
practically insoluble, and the lactose phenylosazone prepared in this way had a fairly sharp 
m. p. (cf. Table) and a reproducible optical rotation. The initial dextrorotation of lactose 
phenylosazone in pyridine-ethanol has not previously been observed. The initial levo- 
rotation in the same solvent observed by Klages and Maurenbrecher (Amnalen, 1938, 535, 
175) may be attributed to the presence of a small amount of anhydro-osazone; they re- 
marked, however, that polarimetric readings were made difficult by darkening. This was 
presumably due to impurity and has not been encountered in the present investigation even 
after a week. The changes of rotation in methanol are in good agreement with the measure- 
ments recorded by Votocek and Valentin (Coll. Trav. chim. Tchécosl., 1932, 8, 435) (see 
Table). 

The “‘ anhydro-lactosazone ’’ and benzaldehyde under reflux gave an osone which was 
reconverted into the anhydro-osazone by phenylhydrazine. The osone was surprisingly 


* The name “ phenylosotriazole "’ is used (cf. Haskins, Hann, and Hudson, J. Amer. Chem. Soc., 
1946, 68, 1766) to describe the derivatives of 2-phenyl-2: 1 : 3-triazole which are obtained from the 
action of copper sulphate on sugar phenylosazones, C,,, and C,,, of the parent sugar forming part of the 


triazole ring, e.g., glucose phenylosazone —-> glucose phenylosotriazole (2-phenyl-4-p-arabotetra- 
hydroxybuty]-2 : 1 : 3-triazole). 
14k 
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Physical constants of lactose phenylosazone. 


ap 
Pvt 





Reference M. p. in methanol in pyridine—ethanol (2 : 3) 
Fischer (Ber., 1908, 41, 76) _ 
Neuberg (loc. cit.) — - 0° (initial ?) 
Votocek and Valentin (/oc. cit.) — — 25- —7- — 
Klages and Maurenbrecher (/oc. cit.)... - i ~~ 9°. ee 
Present author 206—207 - 5° ——> - 1 BOP ncitp ane 


resistant to hot dilute acid; lactosone is hydrolysed to glucosone and galactose under similar 
conditions (Fischer and Armstrong, Ber., 1902, 35, 3141; Hynd, Proc. Roy. Soc., 1927, B, 
101, 244). The“ anhydro ’-compound was also investigated by Diels and Meyer (Annalen, 
1935, 519, 157). Percival and Percival (J., 1937, 1320), from acetylation studies, favoured 
structure (I) for Fischer’s ‘“‘anhydro-lactosazone."’ As this was not in accord with osone 
formation an aqueous suspension of the anhydro-osazone was heated under reflux with 
copper sulphate (Hann and Hudson, J. Amer. Chem. Soc., 1944, 66, 735); the phenyl- 
osotriazole of an anhydro-disaccharide was isolated. This compound was readily hydro- 
lysed to galactose and the phenylosotriazole of an anhydrohexose, identical with the 
phenylosotriazole obtained from Diels and Meyer's “‘ anhydroglucosazone.’’ The latter 
osazone and its osotriazole have been recently identified by Hardegger and Schrier 
(Helv. Chim. Acta, 1952, 35, 232) as derivatives of 3:6-anhydro-p-allose; thus Fischer’s 
‘“anhydro-lactosazone’’ is 3: 6-anhydro-4-$-D-galactosido-D-allose phenylosazone (II). 
The “‘ anhydro-cellobiosazone ’’ of Diels, Meyer, and Onnen (Amnalen, 1936, 525, 106) (cf. 
Muir and Percival, J., 1940, 1479) is similarly 3 : 6-anhydro-4-8-p-glucosido-p-allose 
phenylosazone. 


CH:N:NHPh CH-N-NHPh CH:N-NHPh CH:N-NHPh 
ee NH C-N-NHPh ¢.N-NHPh C-N-NHPh 
HO—C—H H—C H 7B H—C 


H—C—O— />—C,H,,0, H—C—O— —C,H,,0, H-C-OH —>» H—C—OH| 


I 
HC NPh H—C—OH HO—C—H HO—C—H 


~O—CH, (1) CH,-O— (II) CH,-OH (ITI) CH,-O— (IV 


The statement by Hardegger and Schrier (loc. cit.) that Cy) is not involved in the Walden 
inversion occurring on C;,, when glucose phenylosazone is converted into 3 : 6-anhydroallose 
phenylosazone is confirmed by this occurrence of a similar inversion with lactose and cello- 
biose phenylosazones under the same conditions (cf. also Levene, Raymond, and Walti, 
J. Biol. Chem., 1929, 82, 191). The prediction by El Khadem, Schrier, Stohr, and 
Hardegger (Helv. Chim. Acta, 1952, 35, 993) that 3 : 6-anhydrogalactose phenylosazone 
should be formed when either galactose phenylosazone or gulose phenylosazone is heated 
in acid alcohol has now been confirmed. The anhydro-osazone from D-galactose phenyl- 
osazone forms a phenylosotriazole which differs from those from 3 : 6-anhydro-p-allose 
and 3 : 6-anhydro-pb-glucose; the L-isomer of the same phenylosotriazole is obtained from 
the anhydro-osazone (IV) prepared from L-gulose phenylosazone (III). The assignment of 
3 : 6-anhydro-p- and -L-galactose structures to these derivatives depends on the demon- 
stration by Percival (/., 1945, 783) that the phenylosazone from 3 : 6-anhydrogalactose 
is identical with Diels and Meyer’s (loc. cit.) anhydrogalactosazone, now reinforced by the 
preparation of 3 : 6-anhydro-p-galactose phenylosotriazole from both osazones. 


EXPERIMENTAL 
M. p.s are uncorrected. Analyses by Drs. Weiler and Strauss, Oxford. 


Lactose Phenylosazone and 3 : 6-Anhydro-4-8-p-galactosido-p-allose Phenylosazone.—A freshly 
prepared sample of lactosazone (10 g.) was recrystallised four times from hot 95% ethanol with 
addition of decolorising charcoal. The product (7 g.), m. p. 211—213°, [«]} —93°-—» —80° 
(after 24 hr.) [c, 2-06 in pyridine-ethanol (2 : 3)}], was fractionated by rapid extraction with hot 
water into lactose phenylosazone (1-4 g.), m. p. 206—207°, [a]lF +10°——»> —21° (after 168 
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hr.) [c, 0-5 in pyridine-ethanol (2: 3)], [«]j>) —13-5°-—-> —10° (after 72 hr.) (c, 0-42 in MeOH), 
and 3: 6-anhydro-4-8-p-galactosido-p-allose phenylosazone (4:3 g.) (Fischer’s ‘‘ anhydro- 
lactosazone ”’), m. p. 226—227°, [a]if —172-0° [c, 0-69 in pyridine—ethanol (2 : 3)}. 

3 : 6-Anhydro-4-8-p-galactosido-p-allose phenylosazone (4-0 g.) with benzaldehyde under 
reflux (Fischer and Armstrong, Joc. cit.) gave an osone (0-5 g.), [x]}? —3-25° (initial) (c, 4-0 in 
H,0), identified by the characteristic reducing action (cf. Bayne, Collie, and Fewster, J., 1952, 
2766) and by reconversion into the original anhydro-osazone on treatment with phenylhydrazine 
in the cold. The osone was heated at 100° for 2 hours with 0-2n-sulphuric acid; neutralisation 
with sodium acetate and treatment with phenylhydrazine gave only 3: 6-anhydro-4-8-p- 
galactosido-p-allose phenylosazone in the cold and no further osazone was formed on heating. 

3 : 6-Anhydro-4-8-p-galactosido-p-allose Phenylosotriazole.—3 : 6-Anhydro-4-8$-p-galactosido- 
p-allose phenylosazone (10-0 g.) was refluxed for 2 hours with copper sulphate (5-5 g.) in water 
(1 1.).. Further procedure was essentially that employed by Haskins, Hann, and Hudson (/. 
Amer. Chem. Soc., 1945, 67, 941) in the preparation of lactose phenylosotriazole. Recrystallised 
from ethanol in which it is less soluble than the lactose derivative, 3 : 6-anhydro-4-8-p-galactosido- 
p-allose phenylosotriazole (5-3 g.) had m. p. 160°, [a]7?? —67-8° (c, 0-80 in H,O) (Found: C, 51-5; 
N, 5-9; N, 10-4. C,,H,,0,N, requires C, 51-6; H, 5-7; N, 10-3%). 

Hydrolysis of 3: 6-Anhydro-4-8-p-galactosido-pD-allose Phenylosotriazole-—The phenylosotri- 
azole (2-0 g.) was heated under reflux for 3 hours with 0-5N-hydrochloric acid (100 ml.), cooled, 
neutralised, and evaporated under reduced pressure to 20 ml. On cooling overnight there 
separated 3 : 6-anhydro-p-allose phenylosotriazole (0-8 g.), m. p. 91—92°, [«]}? —72-3° (c, 0-45 in 
H,O), —54° (c, 0-336 in pyridine) (Found: C, 58-6; H, 5-3; N, 17-2. Calc. for C,.H,,0,N; : 
C, 58-3; H, 5:3; N, 17-0%). Mixed m. p. with 3: 6-anhydro-p-glucose phenylosotriazole and 
3: 6-anhydro-p-allose phenylosotriazole prepared from 3: 6-anhydro-p-allose phenylosazone 
(Diels and Meyer’s ‘‘ anhydro-glucosazone ’’) were 78—81° and 90—92° respectively. Galactose 
was identified by evaporation of the mother-liquor to dryness and crystallisation from acetic 
acid. 

3: 6-Anhydro-4-8-p-glucosido-p-allose Phenvlosotriazole.—Cellobiose phenylosazone (5-0 g.), 
m. p. 195—197°, by Diels and Meyer’s method (/oc. cit.) gave 3 : 6-anhydro-4-§-p-glucosido-p- 
allose phenylosazone (‘‘ anhydrocellobiosazone ’’) (2-25 g.), m. p. 221—222° (from ethanol), 
[a}7? —145° (c, 0-25 in MeOH) (cf. Muir and Percival, loc. cit.). 3: 6-Anhydro-4-8-p-glucosido- 
p-allose phenylosazone (1-5 g.) was heated for 2 hours with copper sulphate (0-85 g.) in boiling 
water (150 ml.). 3: 6-Anhydro-4-8-D-glucosido-D-allose phenylosotriazole (0-5 g.), isolated as was 
the derivative from lactose and crystallised from ethanol, had m. p. 174—176°, [«]?? —77-7° 
(c, 0-90 in H,O) (Found C, 52-0; H, 5-8; N, 10-5%). 

Hydrolysis of 3: 6-Anhydro-4-8-p-glucosido-p-allose Phenylosotriazole.—This phenyloso- 
triazole (0-25 g.), hydrolysed as above, gave 3 : 6-anhydro-p-allose phenylosotriazole (0-12 g.), 
m. p. and mixed m. p. 89—-91°, and glucose was recovered from the mother-liquor. 

3: 6-Anhydro-p-glucose Phenylosotriazole.—3 : 6-Anhydro-p-glucose phenylosazone (0-75 g.), 
m. p. 184—186° (recrystallised twice from acetonitrile), was treated for 14 hours with copper 
sulphate (0-6 g.) in boiling water (50 ml.), filtered, and cooled. The precipitate, recrystallised 
from water, gave 3 : 6-anhydro-p-glucose phenylosotriazole (0-28 g.), m. p. 95—97°, [«]}? —105-9° 
(c, 0-831 in pyridine) (Found: C, 54-0; H, 5-7; N, 15-8. Calc. for C,,H,,0,;N;,H,O: C, 54-3; 
H, 5-7; N, 15-8%). Hardegger and Schrier describe an anhydrous form (loc. cit.) and a mono- 
hydrate (Helv. Chim. Acta, 1952, 35, 623), and El Khadem et al. (loc. cit.) describe a hemihydrate. 

3 : 6-Anhydro-pv-galactose Phenylosazone.—(a) p-Galactose phenylosazone (10 g.) by Diels and 
Meyer’s method (loc. cit.) gave 3 : 6-anhydro-p-galactose phenylosazone (3-3 g.), m. p. 214—216°, 
[x]? + 56° (c, 0-50 in MeOH). (6b) 3: 6-Anhydro-p-galactose (4-6 g.) (Haworth, Jackson, and 
Smith, J., 1940, 620) gave the same osazone (2 g.), m. p. and mixed m. p. 214—216°. 

3: 6- Anhydro -D - galactose Phenylosotriazole.—3 : 6 - Anhydro - p - galactose phenylosazone 
(4-0 g.) was heated for 2 hours with copper sulphate (1-54 g.) in water (200 ml.). The solution 
was evaporated to 50 ml., filtered, and extracted with ether. The extract was washed with a 
little 20% sulphuric acid, then saturated sodium carbonate solution, and water, dried (Na,SO,), 
and evaporated. The residue, recrystallised twice from water, gave 3 : 6-anhydro-p-galactose 
phenvlosotriazole (1-8 g.), m. p. 101—102°, [a]j7 —6-0° (c, 0-806 in pyridine) (Found: C, 58-5; 
H, 5-2; N, 17-2%). 1 Mole reacted with 1-075 moles of sodium metaperiodate at room tem- 
perature in 24 hours, no formaldehyde being formed. 

3: 6-Anhydro-L-galactose Phenylosazone.—t-Gulose phenylosazone (10 g.) with sulphuric 
acid (1-5 ml.) in boiling methanol (500 ml.) (5 hours) gave 3 : 6-anhydro-.-galactose phenylosazone 
(5-5 g.), m. p. 215—217° (from methanol and then acetonitrile), {[«]#? —54° (c, 0-520 in MeOH) 


itp —o 
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(Found : C, 63-2; H, 5-75; N, 17-5. CygH O3,N, requires C, 63-5; H, 5-9; N, 16-5%). Mixed 
with 3 : 6-anhydro-p-galactose phenylosazone this melted at 200—202°. 

3 : 6-Anhydro-L-galactose Phenylosotriazole.—3 : 6-Anhydro-t-galactose phenylosazone (5-0 g.) 
gave 3: 6-anhydro-.-galactose phenylosotriazole (2-0 g.), m. p. 101—102°, [x]? +5-0° (c, 2-00 in 
pyridine) (Found : C, 58-4; H, 5-3; N, 17-1%). 

The author thanks Mr. L. G. Skinner, B.Sc., for assistance and the Chemical Society for a 
grant from the Research Fund. 
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974. New Derivatives of 1 : 2-cycloPentenophenanthrene. 
By G. M. BADGER, W. CARRUTHERS, and J. W. Cook. 

Ring-expansion of §-9-keto-l-fluorenylpropionic acid (I) with diazo- 
methane gave methyl $-9-methoxy-l-phenanthrylpropionate (as II) as the 
major product. The acid (II) was cyclised to 9-methoxy-7 : 8-benzoperi- 
naphthan-l-one (VI). When the 10-position of (II) was blocked by 
chlorination cyclisation gave 10-chloro-3’-keto-9-methoxy-1 : 2-cyclopenteno- 
phenanthrene (VIII). The oxidation of 1: 2-cyclopentenophenanthrene 
has been studied. 


THE ready availability of 8-9-keto-l-fluorenylpropionic acid (I) by oxidation of tetra- 
hydrofluoranthene (Kruber, Ber., 1931, 64, 84) suggested the use of this acid in a new 
route to derivatives of 1: 2-cyclopentenophenanthrene. 9-Methoxyphenanthrene has 
been obtained by the action of diazomethane on fluorenone (Schultz, Schultz, and Cochran, 
J. Amer. Chem. Soc., 1940, 62, 2902), so an analogous reaction with the acid (I) was 
expected to lead to methyl $-9-methoxy-1l-phenanthrylpropionate (as II) or the isomeric 
10-methoxy-compound (III). In the latter case the 10-methoxy-group would block 


cyclisation at this position and thus allow dehydration of (III) to 3’-keto-10-methoxy- 
1 : 2-cyclopentenophenanthrene (V). 


an 
DY (CH, },CO,H 

109 R2 
WN 
R} 

(II; R? = OMe, R* = H) 
(III; R! = H, R®? = OMe) 
(IV; R' = OMe, R? = Cl) 

rhe crystalline ester isolated from the reaction products was evidently the 9-methoxy- 
compound, for cyclisation of the acid (11) which it furnished on hydrolysis gave 9-methoxy- 
7 : 8-benzoperinaphthan-l-one (VI). The corresponding carbinol, formed by catalytic 
hydrogenation or by reduction with lithium aluminium hydride, was converted into 
mesobenzanthrone by hydrogen chloride in benzene. Presumably the dehydration 
product (VII) is an intermediate in this reaction and then readily undergoes demethylation 
to the corresponding phenol, which Bally and Scholl (Ber., 1911, 44, 1656) found to be 
readily oxidised to mesobenzanthrone by atmospheric oxygen. Attempts to obtain 
additional support for the structure (VI) by reduction of this compound to the known 
9-methoxy-1 : 10-trimethylenephenanthrene were unsuccessful; uncrystallisable gums 
were formed by the Clemmensen and the Huang-Minlon procedure. 

In order to prevent cyclisation at position 10, the acid (II) was chlorinated with 
phosphorus pentachloride (cf. Autenrieth and Miihlinghaus, Ber., 1906, 39, 4098) to 6-(10- 
chloro-9-methoxy-1-phenanthryl)propionic acid (IV). The chloride of this chloro-acid was 
cyclised by stannic chloride to 10-chloro-3’-keto-9-methoxy-1 : 2-cyclopentenophenanthrene 
(VIII). The crude product of Clemmensen reduction of this ketone was oxidised by 
osmium tetroxide followed by chromic acid to 1 : 2-cyclopenteno-9 : 10-phenanthraquinone 





(1952) New Derivatives of 1 : 2-cycloPentenophenanthrene. 4997 


(IX), a compound previously obtained by Butenandt, Dannenberg, and von Dresler (Z. 
Naturforsch., 1946, 1, 222) by similar oxidation of the parent 1 : 2-cyclopentenophen- 
anthrene. Unsuccessful attempts were made to dehalogenate the chloro-ketone (VIII). 
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A subsidiary product of the action of diazomethane on the ketofluorenylpropionic 
acid (I) was a methyl ester, which was hydrolysed to an acid to which the structure (X) is 
assigned. The alcohol group was characterised by preparation of a 3 : 5-dinitrobenzoate 
from the ester, and the acid was oxidised by sodium dichromate in acetic acid to keto- 
fluorenylpropionic acid (I). A compound such as (X) could arise from the methanolysis 
of the epoxide which is probably formed as an intermediate in the ring-expansion (cf. 
Mosettig and Burger, J. Amer. Chem. Soc., 1930, 52, 3456). Robinson and Smith (/., 
1937, 371) isolated a compound of similar type as a product of the reaction of cyclohexanone 
and diazomethane. 

A factor which was undoubtedly partly responsible for the delay in the identification 
of Diels’s hydrocarbon, C,,H,., from the dehydrogenation of cholesterol was its failure to 
undergo the chromic acid oxidation to an o-quinone which is normally characteristic of 
phenanthrene derivatives (Diels e¢ al., Annalen, 1927, 459, 3). Cook and Hewett (/., 
1933, 1098) were likewise unable to obtain evidence of quinone formation by chromic acid 
oxidation of the parent 1 : 2-cyclopentenophenanthrene, and attributed this to attack by 
the reagent of the five-membered ring. This reaction was re-examined by one of us in 
1938, and it was found that oxidation of 1 : 2-cyclopentenophenanthrene with chromic 
acid in cold acetic acid gave mainly 1’-keto-1 : 2-cyclopentenophenanthrene (XI) together 
with a smaller amount of 1 : 2-cyclopenteno-9 : 10-phenanthraquinone (IX). Shortly 
afterwards Hoch (Compt. rend., 1938, 207, 921) reported the formation of the ketone (X1) 
by cold chromic acid oxidation of 1 : 2-cyclopentenophenanthrene, and our own work was 
not pursued. More recently, however, Butenandt, Dannenberg, and Dresler (loc. cit.), 
evidently unaware of Hoch’s work, reported that oxidation with chromic acid at 60° gave 
only a monoketone, which they suggested was (XI). Consequently, we now record our 
own experiments which led not only to the isolation of the quinone, but also to the definite 
identification of the ketone (XI) with the synthetic ketone of this structure prepared by 
Bachmann and Kloetzel (J. Amer. Chem. Soc., 1937, 59, 2207). We have also found that 
oxidation of 1 : 2-cyclopentenophenanthrene with lead tetra-acetate gives 1’-acetoxy- 
1 : 2-cyclopentenophenanthrene (XII; R= COMe); the hydroxy-compound (XII; 
R = H), formed by hydrolysis, was oxidised to the ketone (XI). The corresponding 
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benzoate, when heated with dimethylaniline, gave cyclopentadienophenanthrene (XIII) 
(or the bond-isomer); this structure was for a time attributed mistakenly to two other 
compounds (cf. Cook and Hewett, J., 1934, 365). 


EXPERIMENTAL 


1: 2:3: 4-Tetrahydrofluoranthene.—This was conveniently prepared in 85% yield by 
hydrogenation of fluoranthene (50 g.) in ethanol (800 c.c.) over a copper chromite catalyst 
(12 g.) at 95—100° and 130 atm. for 3 hours; it was oxidised to $-9-keto-1-fluorenylpropionic 
acid by sodium dichromate in acetic acid (Kruber, Ber., 1931, 64, 84). 
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Action of Diazomethane on 8-9-Keto-1-fluorenylpropionic Acid (1).—The acid (I) (7-5 g.) was 
added to an ethereal solution (1 1.) of diazomethane prepared from methylnitrosourea (75 g.) 
(Arndt, Org. Synth., 1935, 15, 3). When the effervescence had ceased, methyl alcohol (1 1.) 
and a trace of sodium carbonate were added. After 5 days the solvent was removed under 
reduced pressure. A washed and dried benzene solution of the resulting orange gum was 
passed through a column of silica gel; elution with benzene afforded an eluate, fluorescing in 
ultra-violet light. Evaporation yielded a pale yellow oil (2-9 g.) which solidified when rubbed 
with light petroleum (b. p. 60—80°), giving methyl -9-methoxy-1-phenanthrylpropionate as 
needles (from the same solvent), m. p. 71° (Found: C, 77-5; H, 6-1. C,H,,O, requires C, 
77-55; H, 61%). The acid (II) formed clusters of soft needles, m. p. 204° (from ethanol) 
(Found: C, 77-2; H, 5:7. C,,H,,O, requires C, 77:1; H, 5-7%). 

Further elution of the column with benzene gave a yellow uncrystallisable gum. It did 
not give a picrate and was not further examined. Final elution with ethanol then afforded a 
small amount of a red gum which solidified when kept. On crystallisation from benzene- 
light petroleum (b. p. 60—80°) a methyl ester (of X) separated as clusters of needles, m. p. 115° 
(Found: C, 72-9; H, 6-3. C,H gO, requires C, 73-1; H, 64%). Its 3: 5-dinitrobenzoate 
formed small needles (from benzene-ethanol), m. p. 139° (Found: C, 61-7; H, 4:2; N, 5-5. 
C,,H,,O,N, requires C, 61-7; H, 4:4; N, 55%). The acid (X) crystallised from benzene in 
prisms, m. p. 145—146° (Found: C, 72-4; H, 6-2. C,,H,,O,4 requires C, 72-5; H, 6-0%). 

This acid (10 mg.) and sodium dichromate (30 mg.) in acetic acid (0-5 c.c.) were warmed at 
60° for 5 hours. The resulting dark green solution was diluted with water (2 vols.) and set 
aside. §-9-Keto-l-fluorenylpropionic acid (7 mg.) separated in yellow rods. Crystallisation 
from dilute acetic acid gave crystals, m. p. and mixed m. p. 133—134°. 

Cyclisation of 8-9-Methoxy-1-phenanthrylpropionic Acid (I1).—(a) A solution of the pure acid 
(1 g.) in anhydrous hydrogen fluoride was allowed to evaporate overnight. The product was 
extracted with sodium carbonate solution, and a washed and dried benzene solution of the 
residue was evaporated, yielding a yellow oil (0-8 g.) which solidified when rubbed with light 
petroleum (b. p. 60—80°). The yellow powder, containing some black gummy material, was 
crystallised from ethanol (charcoal) and then from benzene-light petroleum (b. p. 60—80°), 
giving 9-methoxy-7 : 8-benzoperinaphthan-\-one (VI) as clusters of yellow needles (0-5 g.), m. p. 
130—131° (Found: C, 82-2; H, 5-4; OMe, 11-3. C,,H,,O, requires C, 82-4; H, 5-3; OMe, 
11-89%). Attempts to remove the yellow colour by extraction with concentrated hydrochloric 
acid or by chromatography on alumina were unsuccessful. The semicarbazone formed yellow 
blades, m. p. 225—226° (from benzene-ethanol) (Found: N, 13-0. C,,H,,O,N, requires 
N, 132%). 

(b) The acid (1 g.) and phosphorus pentachloride (0-85 g.) in pure benzene (10 c.c.) were 
kept at 0° for 2 hours, and then warmed gently on the water-bath for 5 minutes. A solution 
of stannic chloride (1-5 c.c.) in benzene (10 c.c.) was added to the cooled solution. Next morning 
the product was isolated, a neutral yellow gum (780 mg.) being obtained. This was extracted 
with boiling ethanol (10 c.c.), and the solution filtered. 9-Methoxy-7 : 8-benzoperinaphthan- 
l-one (0-6 g.) separated from the filtrate in yellow needles, m. p. 130—131° alone or mixed 
with the material obtained as above. The material insoluble in ethanol (23 mg.) was crystallised 
from benzene-ethanol, and gave soft needles of 10-chloro-3’-keto-9-methoxy-1 : 2-cyclopenteno- 
phenanthrene (VI11), m. p. 218—220° (Found: C, 72-6; H, 4-4. C,,H,,0,Cl requires C, 72-85; 
H, 4:4%). 

Reduction of 9-Methoxy-7 : 8-benzoperinaphthan-1-one (V1).—The ketone (50 mg.) in ethanol 
(10 c.c.) was shaken in an atmosphere of hydrogen with platinum oxide catalyst (50 mg.). 
When one molecule of hydrogen had been absorbed, the filtered solution was evaporated, 
giving an oil from which 9-methoxy-7 : 8-benzoperinaphthan-l-ol was obtained as prisms (from 
ethanol), m. p. 181° (Found: C, 81-5; H, 5-8. C,,H,,O, requires C, 81-8; H, 6-1%). 

The same carbinol was obtained when the ketone (20 mg.) in benzene (3 c.c.) was treated 
with a solution of lithium aluminium hydride (150 mg.) in ether (5 c.c.) for 12 hours at room 
temperature, and the mixture then heated under reflux for } hour. The carbinol crystallised 
from benzene-ethanol in prisms, m. p. and mixed m. p. 177—178°. 

mesoBenzanthrone from 9-Methoxy-7 : 8-benzoperinaphthan-l-ol.—Dry hydrogen chloride 
was passed for a few minutes into a solution of the perinaphthanol (30 mg.) in benzene (3 c.c.). 
After 12 hours the solution was washed with water and dried, and solvent removed under reduced 
pressure. The resulting yellow gum was chromatographed on alumina in benzene solution. 
A yellow band was eluted and the solution evaporated, yielding a gum from which a yellow 
solid (10 mg.) separated on trituration with ethanol. Crystallisation from ethanol gave deep 
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yellow prisms of mesobenzanthrone, m. p. and mixed m. p. 166—168° (lit., 171°). The other 
bands of the chromatogram yielded small amounts of uncrystallisable oils which were not 
further examined. 

Chlorination of §8-9-Methoxy-1-phenanthrylpropionic Acid.—The acid (200 mg.) and 
phosphorus pentachloride (400 mg.) were heated on the water-bath for 15 minutes. The black 
mass was treated with ice and sodium carbonate solution, and the alkaline solution extracted 
with benzene and acidified. The product (171 mg.) was crystallised from acetic acid (charcoal) 
and then from benzene-light petroleum (b. p. 60—80°), forming fine, almost colourless needles 
of 8-(10-chloro-9-methoxy-1-phenanthryl)propionic acid, m. p. 147—148° (Found: C, 68-7; H, 
4-8. C,.H,,0,Cl requires C, 68-7; H, 48%). 

10-Chloro-3’-keto-9-methoxy-1 : 2-cyclopentenophenanthrene (VIII).—The above chloro-acid 
(22 mg.) and phosphorus pentachloride (20 mg.) in pure benzene (2 c.c.) were left for an hour 
at room temperature, and then warmed on the water-bath for a few minutes. The solution 
was cooled in ice, and stannic chloride (0-1 c.c.) in benzene (1 c.c.) added. After 12 hours the 
product (11 mg.) was isolated; it formed needles, m. p. 220° (from ethanol), identical with the 
ketone (VIII) obtained as already described. 

1 : 2-cycloPenteno-9 : 10-phenanthraquinone from the Ketone (VIII).—The chloro-ketone 
(37 mg.), amalgamated zinc (0-5 g.), concentrated hydrochloric acid (5 c.c.), acetic acid (1 c.c.), 
and toluene (1 c.c.) were boiled for 24 hours. Benzene was added and the organic layer separated, 
washed, dried, and evaporated. The resulting gum (33 mg.), after passage through a column 
of alumina, was treated with osmium tetroxide (33 mg.) in benzene (0-5 c.c.) containing a few 
drops of pyridine. After 5 days, n-hexane (1 c.c.) was added to the deep red solution, and the 
supernatant liquid poured off from the precipitated dark gummy complex. This was decom- 
posed by refluxing it for 30 minutes with mannitol (200 mg.) and potassium hydroxide (20 mg.) 
in water (2 c.c.). The residual diol from two such treatments was oxidised with chromium 
trioxide (10 mg.) in acetic acid (2 c.c.). After 12 hours at room temperature the solution was 
heated to 60° for 30 minutes, diluted with water, and extracted with benzene. The washed 
and dried extract was concentrated and passed through a column of alumina. On develop- 
ment with benzene an orange band was formed. The solid (5 mg.) recovered from it crystallised 
from ethanol in deep orange needles, m. p. 209—211°, not depressed when mixed with an 
authentic specimen of | : 2-cyclopenteno-9: 10-phenanthraquinone (IX). The identity of 
the specimens was confirmed by comparison of the azines, m. p. and mixed m. p. 194—196°. 

Chromic Acid Oxidation of 1: 2-cycloPentenophenanthrene.—A suspension of 1 : 2-cyclo- 
pentenophenanthrene (8-75 g.) in acetic acid (100 c.c.) was treated dropwise, with water-cooling, 
with a solution of chromic acid (6-5 g.) in 80% acetic acid (15 c.c.). After 24 hours at room 
temperature the solid in suspension was collected, washed, and dried (A) (5 g.). The liquors 
were diluted with water and extracted with ether. The extract was washed with sodium 
carbonate solution, filtered from some suspended solid (B) (0-8 g.), and evaporated to dryness. 
The residue was warmed with a little alcohol, cooled, and filtered, yielding a solid (C) (1-7 g.). 

Fraction A was crystallised from benzene, and the crystals (2-4 g.) further purified by high- 
vacuum sublimation at 140—160°. The sublimate was crystallised from acetone, yielding 
1’-keto-1 : 2-cyclopentenophenanthrene (XI) as needles, m. p. 185—186° (1-7 g.). A portion, 
crystallised from benzene, formed needles, m. p. 186—187°, not depressed when mixed with 
an authentic specimen, m. p. 183—184°, prepared by Bachmann and Kloetzel (/oc. cit.) (Found : 
C, 87-8; H, 5-4. Calc. for C,,H,,0: C, 87-9; H 52%). This mixed m. p. determination 
was kindly carried out by the late Professor W. E. Bachmann. The oxime crystallised from 
benzene in needles, m. p. 238—240° (decomp.) (Found: C, 82-6; H, 5-4. C,,H,,ON requires 
C, 82:5; H, 53%). 

Fractions B and C were combined and treated with a solution of sodium hydrogen sulphite 
in aqueous ethanol. Acidification of the filtered solution with hydrochloric acid yielded 
1 : 2-cyclopenteno-9 : 10-phenanthraquinone (IX), bright red needles (100 mg.) (from benzene), 
m. p. 209—211°, not depressed when mixed with an authentic specimen prepared as described 
by Butenandt, Dannenberg, and Dresler (/oc. cit.), who give m. p. 213° (Found: C, 81-9; H, 
4:7. Calc. for C,,H,,0,: C, 82-2; H, 49%). Identity was confirmed by comparison of the 
azines, prepared from the quinone (0-1 g.) and o-phenylenediamine (0-1 g.) in acetic acid. The 
fine, pale yellow needles, obtained by crystallisation from cyclohexane, had m. p. 194—196° 
(Found: C, 86-55; H, 4-9; N, 8-65. C,,;H,,N, requires C, 86-2; H, 5-0; N, 8-75%). 

Oxidation of 1: 2-cycloPentenophenanthrene with Lead Tetra-acetate.—Freshly prepared 
lead tetra-acetate (3-1 g.) was added to a solution of 1 : 2-cyclopentenophenanthrene (1-5 g.) 
in acetic acid (70 c.c.), and the whole heated on the water-bath for 30 minutes. The orange- 





5000 Elvidge and Linstead : 


yellow solution was poured into water and extracted with benzene. The washed and dried 
extract was passed through a column of silica gel; on elution with benzene, strongly fluorescent 
material ran rapidly through the column. Evaporation of this eluate afforded unchanged 
1 : 2-cyclopentenophenanthrene, m. p. 133—135° (0-6 g.). Further elution with benzene then 
yielded a gum (0-95 g.) which afforded a colourless solid on trituration with light petroleum 
(b. p. 60—80°). After several crystallisations from ethanol, 1’-acetoxy-1 : 2-cyclopenteno- 
phenanthrene (XII; R = COMe) was obtained as needles (250 mg.), m. p. 127—128° (Found : 
C, 83-0; H, 5-9. C,,H,,O, requires C, 82:8; H, 5-8%). 

1’-Hydroxy-1 : 2-cyclopentenophenanthrene (XII; R = H).—The above acetate (240 mg.) 
was hydrolysed by boiling its solution in ethanol (20 c.c.) with 40% potassium hydroxide 
(2 c.c.) for 1} hours. 1’-Hydroxy-1: 2-cyclopentenophenanthrene (200 mg.) formed plates 
(from benzene), m. p. 166—167° (Found: C, 87-1; H, 6-2. C,,H,,O requires C, 87-2; H, 
6-0%). 

This compound (10 mg.) was shaken at room temperature for 15 minutes with a solution 
of chromium trioxide (5 mg.) in 80% acetic acid (0-5 c.c.). Insoluble material was filtered off, 
washed, and crystallised from ethanol. 1’-Keto-1 : 2-cyclopentenophenanthrene (XI) was 
obtained as pale yellow needles, m. p. and mixed m. p. 183—184°. 

1 : 2-cycloPentadienophenanthrene (XIII).—The above carbinol (180 mg.), in pyridine 
(1-5 c.c.), was treated with benzoyl chloride (0-4 c.c.). After 18 hours at room temperature 
the solution was diluted with water, and the solid product recrystallised from benzene-light 
petroleum (b. p. 60—80°), furnishing the benzoate as needles, m. p. 176—177°. This product 
(150 mg.) was boiled with dimethylaniline (2 c.c.) for 8 hours, and the cooled solution poured 
into excess of hydrochloric acid. The washed and dried precipitate was sublimed at 140°/10 
mm.; crystallisation of the sublimate from alcohol afforded 1 : 2-cyclopentadienophenanthrene 
as leaflets (40 mg.), m. p. 163—164° (Found: C, 94-4; H, 5-6. C,,H,, requires C, 94-4; H, 
56%). The s-trinitrobenzene complex formed canary-yellow needles, m. p. 172—173° (from 
ethanol) (Found: C, 646; H, 3-5. C,,H4,,C,H,O,N, requires C, 64-3; H, 3-5%). The 
picrate crystallised from ethanol in fine orange-red needles, m. p. 146—147°. 
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975. Heterocyclic Imines. Part I. Imino-derivatives of isoIndoline 
and their Reaction with Primary Bases. 


By J. A. EtvipGe and R. P. LINsTEAD. 


3-Imino-I-ketoisoindoline (II) condensed readily with phenylhydrazine, 
hydrazine, hydroxylamine, aniline, and 2-aminopyridine, with elimination of 
ammonia, to yield the N-substituted 3-imino-1-ketoisoindolines (IV). With 
the diacid bases, m-phenylenediamine and 2: 6-diaminopyridine, (II) con- 
densed twice, to afford the 3-unit compounds (V) and (VII). 

Experiments on the synthesis of 1: 3-di-iminoisoindoline (III) from 
phthalonitrile and its imidic ester are described. Condensation of the di- 
imine (III) with two mols. of aniline and of 2-aminopyridine afforded the 
3-unit compounds (VIII) and (X). The latter formed a dimethiodide (XI) 
and two nickel derivatives (XII) and (XIII). 

Light absorption data are given. Structures have been substantiated 
by quantitative degradations. 


Tuis series of papers will be concerned with cyclic imines of the type (I) and complications 
of this. We first became concerned with such compounds, particularly where ring A is 
pyrrole, as intermediates in the synthesis of azaporphins and other macrocycles. But 
the substances are of wider interest and their comparison with the amidines which they 
resemble is instructive. The present paper deals with two isoindole compounds containing 
the grouping (I), namely, 3-imino-1-ketotsoindoline (the older name 3-iminophthalimidine 
will not be used in our papers) (II) and 1 : 3-di-iminotsoindoline (ITI). 








(1952) Heterocyclic Imines. Part I. 5001 


The exocyclic imino-group of (II) is known to be reactive. Linstead and Rowe (/., 
1940, 1070) found that the compound condensed with the methylene groups of malonic 
and acetoacetic esters, with elimination of ammonia, to give products containing a C:C 
link. W. O. Jones (B.P. 615,697) observed that it condensed with aryl-hydrazines and 
-amines to give azomethine dyes. As a preliminary to the examination of the more 
interesting di-imino-compound (III) we have studied further Jones’s condensation reaction. 
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From 3-imino-1-ketotsoindoline in alcoholic phenylhydrazine, ammonia is evolved slowly 
at room temperature and a yellow condensation product (IV; R = NHPh) crystallises out. 
Condensations with hydrazine, hydroxylamine, aniline, and 2-aminopyridine proceed 
similarly, rapidly on heating, to give high yields of analogous products (IV; R = NH,g, 
OH, Ph, and 2-C;H,N, severally). The colourless product of the reaction with hydroxyl- 
amine is oximinophthalimide, m. p. 257—258°, prepared by Miiller (Ber., 1886, 19, 1491) 
from ethyl o-cyanobenzoate and hydroxylamine. (The structure of this compound was 
investigated by Thiele and Falk, Annalen, 1906, 347, 712.) The products from hydrazine 
and 2-aminopyridine are also colourless. All the products are soluble in hot hydrochloric 
acid and the solutions yield phthalimide when boiled. 1-Keto-3-2'-pyridyliminoisoindoline 
(IV; R = 2-C;H,N) was shown to give equivalent amounts of phthalimide and 2-amino- 
pyridine in high yield, which supports structure (IV). 

With m-phenylenediamine in boiling alcohol, two mols. of (II) reacted, to yield the 
3-unit bis-condensation product (V). A similar treatment with 2 : 6-diaminopyridine 
gave only a 2-unit monocondensation product (VI). However, when this was boiled in 
n-butanol with more 3-imino-l-ketoisoindoline it gave the bis-condensation product 
(VII). Both (VI) and (VII) readily gave phthalimide on acid hydrolysis. 

The carbonyl groups of these condensation products showed no tendency to react with 
bases with the elimination of water. In particular, it had been thought possible that a 
self-condensation of (VI) might lead to a four-unit condensation product, perhaps (by 
elimination of two mols. of water) to a four-unit macrocycle. In fact, however, (VI) 
could be distilled at atmospheric pressure with only slight charring and was unaffected by 
prolonged heating in boiling nitrobenzene. Moreover the three-unit product (VII), with 
two terminal keto-groups, failed to condense with 2 : 6-diaminopyridine in boiling nitro- 


m-C,H,(NH,), 
_ 


Heat + (TT) 
Heat + D.A.P. 


: A 
(VI) 2 O CC (VIT) 
(D.A.P. = 2: 6-diaminopyridine) 
benzene, the only reaction being a displacement giving rise to the two-unit compound 


(VI). The striking superiority of the imino-group over the carbonyl] in reactivity lent 
special interest to the examination of the di-imine (III). 
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This compound, 1 : 3-di-iminoisoindoline, had not been reported when our work 
started. For its preparation we first examined the Pinner reaction on phthalonitrile, 
which, contrary to a statement by Shriner and Neumann (Chem. Reviews, 1944, 35, 351), 
has not previously been studied. Reaction of the nitrile in chloroform with dry ethanolic 
hydrogen chloride gave a product which was not homogeneous. Its chlorine content 
corresponded approximately to that required for diethyl] phthaldi-imidoate dihydrochloride 
(CygH,,0O,N,Cl,) but the yield of phthalimide obtained from it on hydrolysis was too high 
for this. Attempted crystallisation changed it to a homogeneous compound, C,H,ON,CI, 
identified as 3-imino-1-ketotsoindoline hydrochloride. This monohydrochloride condensed 
with aniline as readily as did the parent base (II), to give 1-keto-3-phenylimino#soindoline 
(IV; R=Ph). The crude bisimidoate dihydrochloride which was its precursor, on the 
other hand, reacted readily with aniline to yield the yellow monohydrochloride of a bis- 
condensation product, Cy9H,,N,Cl. This compound, encountered again subsequently, 
was the hydrochloride of 1 : 3-diphenyliminoisoindoline (VIII). 

With an excess of ammonia in dry alcohol the bisimidoate dihydrochloride gave 
ammonium chloride and an alcohol-soluble hydrochloride which was essentially the 
monohydrochloride of di-iminotsoindoline, as was shown by chlorine analysis, quantitative 
hydrolysis to phthalimide, and conversion into the characteristic nitrate described 
below. The di-iminotsoindoline hydrochloride and aniline gave the hydrochloride of the 
diphenylated base (VIII), already described. 

At this stage, two important discoveries came to our notice. The Bayer Farben- 

ny fabriken (Indian P. 43,679) described the preparation of a nitrate (and other 

NY salts) of l-amino-3-iminotsoindolenine (IX), as well as the liberation of 

N the free base by the action of alkali on the nitrate. Imperial Chemical 

‘ Industries Limited, Dyestuffs Division (personal communication), described 

_NH, a number of methods for the preparation of the free base (III), the simplest 

(128) of which was by heating phthalonitrile with methanolic ammonia under 
pressure.* 

We have confirmed the latter method. The base so obtained gives a dihydrochloride 
under anhydrous conditions and a very sparingly soluble mononitrate,t m. p. 300° (de- 
comp.), the latter identical with material prepared from our product of the Pinner reaction. 
A somewhat similar material was prepared by one of the Bayer methods—the reaction 
of phthalimide, urea, ammonium nitrate, and ammonium molybdate in nitrobenzene at 
170°—but melted with decomposition at 252—254°. We have not been able to isolate 
the free base from the action of alkali on the insoluble nitrate (prepared by any of these 
methods) and in this respect our work differs from that reported in the Bayer patent. 
We have not pursued the identification of the Bayer product, but in the work described 
below have used the free base which is very readily prepared by the addition of ammonia 
to phthalonitrile and is of certain constitution (III) apart from questions of fine 
structure. 

Condensation of di-iminoisoindoline (III) with aniline in boiling ethanol gave the 
expected bis-condensation product, isolated as the yellow hydrochloride (VIII). This 
was identical with the material prepared by two other routes already described. 2-Amino- 
pyridine and (III) in boiling butanol readily gave 1 : 3-di-2’-pyridyliminoisoindoline (X), 
which was also prepared, though in poor yield, by reaction in the cold of 2-aminopyridine 
with the crude product of the Pinner reaction on phthalonitrile. Structure (X) follows 
from the easy acid hydrolysis to phthalimide and two mols. of 2-aminopyridine. With 
methyl iodide the new base gave a dimethiodide (XI), acid hydrolysis of which yielded 
phthalimide and two equivalents of 2-amino-l-methylpyridinium salt. This fission shows 
that the pyridine nitrogen atoms and not the aza-links are involved in the quaternisation. 
The dimethiodide (XI) showed no tendency to pass into an azacyanine by loss of the 
elements of hydrogen iodide, even when treated with triethylamine. However, we are 
studying such possibilities further among related compounds. 

* Patent application pending. 


+ The insolubility is so high that the base is almost as good as nitron for the gravimetric precipitation 
of nitrate ion. 
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Condensation of di-iminotsoindoline with appropriate diamines leads to macrocyclic 
compounds, the first of which is described in the following paper. 

Dipyridyliminoisoindoline (X) readily formed metallic compounds. With nickel 
acetate in formamide—methanol it gave two products: one, C3,H,,N,)Ni, sparingly 
soluble, crystallised in maroon prisms, m. p. 393°; the second, CyopH, ;O2N,;Ni, more 
soluble, formed brownish-yellow needles. With nickel chloride in formamide only the 
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Mononitrate of (III) 
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former was obtained. For this, which contains two molecules of base to one atom of 
nickel, formula (XII) is proposed. The yellow product clearly contains an acetic residue 
and structure (XIII) seems probable. It will be noted that in structure (XII) the stereo- 
chemical arrangement of the pyridine rings with respect to the isoindole nucleus must be 
syn-anti to permit of the disposal of two molecules of base about the metal with the four 
effective nitrogen atoms in one plane. For the other compound (XIII) the configuration 
is syu-syn as in the analogous macrocycles. There is presumably some departure from 
planarity in the two pyridine rings of (XII) not involved in holding the metal. 


The absorption of visible and ultra-violet light by the various compounds described 
above has been measured (see Table). ; 

The derivatives of di-iminotsoindoline described in this paper are structurally related 
to the linear ‘‘ diamidides ’’ recently described by Short and Peak (J., 1951, 391; 1952, 
215). Considerable differences seem to be that diamidides with unsubstituted imino- 
groups seem difficult to obtain, and that substituted diamidides do not show the reactivity 
of the type encountered above. This great reactivity of the heterocyclic di-imines in 
comparison with related compounds is being further investigated. 
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Light absorption data. 
Compound Solvent Amaz., A € Compound Solvent 
(IV; R , EtOH 2470 , AcOH 346 23,200 
2510} 18,200 16,600 
2800 5,500 ¢ 20,000 
2920* 5,500 
3020 6,200 Sila EtOH y 31,300 
3240) 2 2 19,800 
33805 #450 18,500 
16,900 
2-C,H,N) EtOH 2510) 34: 18,300 
25705 11,100 : 20,500 
3300 16,300 ; 21,800 
3360 * 15,000 
pant MeOH 8,450 
EtOH 2510) 10 409 
25805 ** ‘ 9,600 
2670 16,000 28 
3630 * 11,400 16,300 
3840 12,400 
H-CO-NMe, 2820 8,300 
Dioxan 2520 3150 * 11,200 
25705 33,000 3300 12.900 
3020 9,500 3380 * 11,200 
3300 4360) - 
8,400 49803 14,500 


Dioxan y . H-CO-NMe, 2800 29,500 
2: 15,800 3040 32,800 
7,900 3250 39,300 
8,800 4350 44,500 
4570 39,300 
34505 10,300 
* Inflexion. + Similar values were obtained in acetic acid solution but the extinction values fell, 
presumably owing to hydrolysis. 


EXPERIMENTAL 

3-Imino-1-ketoisoindoline (II), m. p. 203°, was prepared by thermal isomerisation, at 200°, 
of purified o-cyanobenzamide (Braun and Tcherniac, Ber., 1907, 40, 2709). 

Products from (II) and Monoacid Bases.—(a) Preparations. (i) Phenylhydrazine (0-8 c.c.) 
was added to a warm solution of (II) (0-5 g.) in methanol (15 c.c.). After 3 days at ordinary 
temperature, the mixture smelled strongly of ammonia, and yellow needles of 1-keto-3-phenyl- 
hydrazonoisoindoline (IV; R = NHPh) (0-4 g.) had separated, which after recrystallisation 
from ethyl acetate-ether had m. p. 234° (Found: C, 70:7; H, 4:7; N, 17-95. C,,H,,ON, 
requires C, 70-9; H, 4:7; N, 17-7%). Jones (loc. cit.) records m. p. 227—-228°, but no analysis. 
(ii) Similarly, (II) (0-5 g.) in methanol (15 c.c.) and hydrazine hydrate (1 c.c.) yielded 3-hydrazono- 
1-ketoisoindoline (IV; R = NH,) which formed colourless needles, m. p. 267°, from ethanol 
(charcoal) (Found: C, 59-7; H, 4:4; N, 25-9. C,H,ON, requires C, 59-7; H, 4-4; N, 26-1%) 
The compound fluoresced an intense blue in ultra-violet light. (iii) A solution of (II) (0-5 g.) 
and hydroxylamine hydrochloride (0-5 g.) in methanol (15 c.c.) was heated under reflux for 
1-5 hours, then kept at room temperature for 15 hours. 3-Hydroxyimino-1-ketoisoindoline 
(IV; R = OH) separated from ethanol as colourless laths, m. p. 260° (decomp.) (Found: C, 
59-5; H, 3-9; N, 17-3. Calc. for C,SH,O,N,: C, 59-3; H, 3:7; N, 17-3%), and was identical 
with ‘‘ oximinophthalimide ’’ (Miiller, Joc. cit.; Thiele and Falk, loc. cit.). (iv) A methanolic 
solution of (II) containing aniline slowly deposited a yellow solid. From ethanol, 1-eto-3- 
phenvliminoisoindoline (IV; R = Ph) crystallised as pale yellow needles, m. p. 170—171 
(Found: C, 75-2; H, 4-4; N, 12-9. C,gH,ON, requires C, 75-65; H, 4-5; N, 12-6%). (v) 
A solution of (II) (0-5 g.) and 2-aminopyridine (0-5 g.) in ethanol (20 c.c.) was heated under 
reflux for 20 hours. Ammonia was evolved. When the solution was cooled, 1-keto-3-2’- 
pyridyliminoisoindoline (IV; R = 2-C;H,N) (0-65 g.) separated and from methanol—water 
(charcoal) crystallised as colourless needles, m. p. 128° (Found: C, 69-9; H, 4-1; N, 191. 
C,,;H,ON, requires C, 69-9; H, 4:1; N, 18-8%). 

(b) Hydrolyses. Each of the products (IV) dissolved in warm dilute hydrochloric acid and, 
when the solutions were heated to boiling and then cooled, colourless needles of phthalimide 
separated (m. p.s and mixed m. p.s 230—231°). 
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215 Mg. of 1-keto-3-2’-pyridyliminoisoindoline (IV; R = 2-C,H,N) were treated for 2 min. 
with boiling 7-5n-hydrochloric acid (8 c.c.), and the solution was cooled in ice. Phthalimide 
(119 mg., 0-84 mol.) crystallised (m. p. and mixed m. p. 230—231°), and from the filtrate, on 
addition of an excess of cold saturated aqueous picric acid, 2-aminopyridine picrate was pre- 
cipitated (231 mg., 0-74 mol.; m. p. and mixed m. p. 216—217°). 

Condensation Products from Diacid Bases.—Interaction of 3-imino-l-ketoisoindoline (II) 
(0-5 g.) with m-phenylenediamine (0-2 g.) in boiling ethanol (15 c.c.) for 20 hours afforded 
m-di-(1-keto-3-isoindolinylidene)aminobenzene (V) (0-4 g.), which separated from dioxan-ether 
as very pale yellow minute felted needles, m. p. 309—310° (Found: C, 71-6; H, 4-1; N, 15-4. 
C,H ,,O,N, requires C, 72-1; H, 3-85; N, 15°3%). Reaction of (II) (3 g.) in ethanol (50 c.c.) 
with 2 : 6-diaminopyridine (1 g.) under similar conditions afforded only the monocondensation 
product (2-8 g.), m. p. 245—250°: from ethanol—acetone, the 3-(2-amino-6-pyridylimino)-1- 
ketoisoindoline (V1) formed yellow needles, m. p. 254° (Found: C, 65-8; H, 4:3; N, 23-2. 
Cy3H,ON, requires C, 65-5; H, 4-2; N, 23-5%). By evaporation of the reaction mother- 
liquors, 3-imino-1-ketoisoindoline (II) (0-3 g.) was recovered (m. p. and mixed m. p. 200—203°). 
From (VI) (0-3 g.) with (II) (0-2 g.) in boiling n-butanol, ammonia was evolved steadily during 
12 hours. When the solution was cooled, 2: 6-di-(1-keto-3-isoindolinylidene)aminopyridine 
(VII) (0-3 g.) separated, which from dioxan-ether or n-butanol formed clusters of golden prisms, 
m. p. 285° (Found: C, 68-6; H, 3-9; N, 18-8. C,,H,,0O,N, requires C, 68-6; H, 3-6; N, 
19:1%). 

3-(2-Amino-6-pyridylimino)-1-ketoisoindoline (VI) was recovered almost completely (m. p. 
and mixed m. p. 252—253°) after being distilled at ordinary pressure and after being heated 
for 4 hours in boiling nitrobenzene. 

After 2 : 6-di-(1-keto-3-isoindolinylidene)aminopyridine (VII) (100 mg.) and 2: 6-diamino- 
pyridine (50 mg.) had been heated together in boiling nitrobenzene (4 c.c.) for 6 hours and the 
solution then kept at room temperature overnight, only 3-(2-amino-6-pyridylimino)-1-keto- 
isoindoline (VI) was isolated, as yellow needles, m. p. and mixed m. p. 253—254°. 

Each of the compounds (V), (VI), and (VII) dissolved in boiling 2N-hydrochloric acid. 
The yellow colours faded and, on cooling, phthalimide crystallised (m. p. and mixed m. p. 
230—231°). 

Reaction Product from Phthalonitrile and Ethanolic Hydrogen Chloride.—(a) Preparation. A 
solution of phthalonitrile (19-2 g.; distilled) in chloroform (300 c.c.; dried over P,O,) con- 
taining dry ethanol (19-5 c.c.) was saturated at 0—5° with dry hydrogen chloride, and after 
6 days at 0°, the crude product (crop A) was collected (7-5 g.); it melted at ca. 200°, becoming 
dark blue. Addition of dry ether to the filtrate precipitated crop B (13 g.), of similar m. p. 
In subsequent experiments, ‘‘ crude diethyl phthalimidoate dihydrochloride ’’ refers to crops 
A and B combined. 

(b) Hydrolyses. A portion of crop A (404-3 mg.) was treated with boiling N-nitric acid 
(15 c.c.) for 30 seconds and the solution allowed to cool. The mixture was finally chilled in 
ice and the phthalimide collected, washed with water, and dried (242-8 mg.; m. p. and mixed 
m. p. 230—231°). To the filtrate, silver nitrate (1 g.) in water was added and the mixture 
warmed on the steam for 30 minutes. The silver chloride was then collected, washed with 
water and dried (598-2 mg.). Crop B (303-8 mg.) was treated with boiling n-nitric acid (15 
c.c.) for 90 seconds and the solution worked up similarly, to afford phthalimide (178-4 mg.), 
m. p. and mixed m. p. 230—232°, and silver chloride (292-9 mg.). (Found, for crop A: phthal- 
imide yield, 60-1; Cl, 27-3%. For crop B: phthalimide yield, 58-8; Cl, 23-8%. Calc. for 
C,,H,,0,N,Cl,: phthalimide, 50-2; Cl, 24-2%). 

(c) Recrystallisation. The crude imidoate dihydrochloride afforded 3-imino-1-ketoisoindoline 
hydrochloride as plates, m. p. 230° (decomp.), from n-butanol (Found: C, 52-8; H, 3-9; N, 
14-8. C,H,ON,Cl requires C, 52-6; H, 3-8; N, 153%). The same compound (m. p. and mixed 
m. p. 230—231°) was obtained by evaporating a solution of (II) in dry ethanolic hydrogen 
chloride, and also by keeping o-cyanobenzamide in ethanol with dry hydrogen chloride for 3 
days at room temperature, filtering the solution, and evaporating it under reduced pressure. 
To an ethanol solution (40 c.c.) of the iminoketoisoindoline hydrochloride (0-5 g.), aniline 
(1 c.c.) was added. Next day, yellow needles had separated (0-35 g.), having m. p. 168—170 
undepressed by 1-keto-3-phenyliminoisoindoline. The same product (m. p. 168—170°) was 
isolated after a similar reaction mixture had been heated under reflux overnight. 

(d) Reaction with aniline. The crude imidoate dihydrochloride (2 g.) was dissolved in 
ethanol (40 c.c.), and aniline (3 c.c.) added. Heat was evolved. Overnight, a deep yellow 
solid separated (1-5 g.), m. p. 260—263°. From glacial acetic acid, the 1 : 3-diphenyliminoiso- 
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indoline hydrochloride (VII1) formed yellow prisms, m. p. 278° (Found: C, 72-2; H, 5-0; N, 
12-6. C,9H,,N,Cl requires C, 72-0; H, 4:8; N, 12-6%). 

1 : 3-Di-iminoisoindoline.—(a) Liquid ammonia (40 c.c.) was added cautiously to the crude 
phthalimidoate dihydrochloride (10 g.), dissolved in ethanol (200 c.c.), and the solution kept 
for 4 days at room temperature with protection from atmospheric moisture. Ammonium 
chioride was removed and the filtrate evaporated under reduced pressure, to vield crude 1 : 3-di- 
iminoisoindoline hydrochloride as a white solid (7 g.), m. p. 300—310°, becoming green. The 
salt dissolved in cold water and, when the solution was heated to boiling, ammonia was evolved 
and phthalimide subsequently crystallised from the solution. 

The salt (265-5 mg.) was treated with boiling 2N-nitric acid (15 c.c.) for 2 minutes and the 
mixture allowed to cool. The crystalline precipitate of phthalimide was collected, washed 
with water, and dried (164-2 mg.; m. p. and mixed m. p. 229—231°). Silver nitrate (0-5 g.) 
in water was added to the filtrate, and the mixture warmed for 30 minutes. The silver chloiide 
was then collected, washed and dried (427-2 mg.) (Found: phthalimide yield, 76-4; Cl, 17-4. 
C,H,N,Cl requires phthalimide, 81-0; Cl, 19-5%). 

The hydrochloride (0-2 g.) in ethanol (20 c.c.) was heated with aniline (1 c.c.) under reflux 
for 16 hours. Yellow solid separated (0-2 g.), having m. p. 265—270°, and 265—275° when 
mixed with 1 : 3-diphenyliminoisoindoline hydrochloride. 

A portion of the di-imine hydrochloride was dissolved in 2N-sodium hydroxide, and 2N-nitric 
acid added. The white precipitate had m. p. 290° (decomp.), and 292° (decomp.) when mixed 
with the authentic nitrate described below. 

(b) To a stirred mixture of phthalonitrile (100 g.) and methanol (600 c.c.), liquid ammonia 
(200 c.c.) was cautiously added, and the whole then heated in a stainless-steel autoclave at 
90—100° for 4 hours. The cooled solution was filtered from a trace of blue pigment (phthalo- 
cyanine) and concentrated under reduced pressure. 1: 3-Di-iminoisoindoline (III) (110 g.) 
separated as a very faintly green crystalline powder, m. p. 194—195° (becoming green) : from 
methanol-ether (charcoal) it gave colourless prisms, m. p. 196° (decomp.) (Found: C, 66-3; 
H, 4:85; N, 28-7. C,H,N, requires C, 66-2; H, 4-9; N, 28-9%). 

The base (III) (0-15 g.) and aniline (0-4 c.c.) were heated together in boiling ethanol (10 c.c.) 
for 10 hours, during which ammonia was evolved. Ethanolic hydrogen chloride was added 
and the precipitate washed with glacial acetic acid andether. The 1: 3-diphenyliminoisoindoline 
hydrochloride (0-33 g.) had m. p. and mixed m. p. 278—279°. 

To a solution of the purified base (III) in ethanol, ethereal hydrogen chloride was added, 
and the white microcrystalline precipitate collected, washed with ether, and dried. 1 : 3-Di- 
iminoisoindoline dihydrochloride had m. p. 326—328° (becoming green) (Found: C, 43-3; 
H, 4-6; N, 19-0. C,H,N,Cl, requires C, 44-05; H, 4-2; N, 19-25%). A-solution of the dihydro- 
chloride (87-6 mg.) in water (10 c.c.) was heated on the steam-bath and, after 5 minutes, 2N- 
nitric acid (5 c.c.) was added. Heating was continued for 30 minutes and the hydrolysate 
solution then kept at 0—2° overnight. The phthalimide (m. p. and mixed m. p.) was collected, 
washed with water, and dried (43-4 mg., 73-5%). To the filtrate, silver nitrate (0-3 g.) in 
water (5 c.c.) was added and the mixture warmed for 30 minutes. After 2 hours, the silver 
chloride was collected, washed, and dried (114-1 mg.) (Found: Cl, 32-2. C,H,N,Cl, requires 
Cl, 32-5%). 

A solution of the base (III) (0-8 g.) in water (25 c.c.) at room temperature was filtered into 
2n-nitric acid (10 c.c.), whereupon 1 : 3-di-iminoisoindoline nitrate separated as a micro- 
crystalline precipitate, m. p. 300° (decomp.) (Found: C, 45-9; H, 3-9; N, 26-5. C,H,O,N, 
requires C, 46-15; H, 3-9; N, 26-99%). The nitrate was soluble in concentrated mineral salts. 

(c) A mixture of phthalimide (73 g.), urea (90 g.), ammonium nitrate (45 g.), ammonium 
molybdate (0-15 g.), and nitrobenzene (250 g.) was kept at 170° for 14 hours, the mixture 
being stirred during the first 6 hours (cf. Bayer Farbenfabriken, Indian P. 43,679). The mixture 
was broken up and filtered at 80—90°, and the solid washed with hoc nitrobenzene and then 
boiling methanol (2 x 100 c.c.), to yield a slightly discoloured nitrate (74 g.), m. p. 252—254° 
(decomp.), and 269—270° (decomp.) when mixed with the preceding di-iminoisoindoline nitrate 
of m. p. 300° (decomp.). 

Treatment of an aqueous suspension of the nitrate with sodium hydroxide, according to the 
directions of Bayer Farbenfabriken (loc. cit.), failed to yield any of the base. On stronger 
cooling to —5°, only ice crystals were obtained. On subsequent acidification with acetic acid, 
the sparingly soluble nitrate was reprecipitated and thus recovered. 

1 : 3-Di-2’-pyridyliminoisoindoline (X).—(a) Preparation. (i) 1: 3-Di-iminoisoindoline (3 g.) 
and 2-aminopyridine (4 g.) were heated together in boiling n-butanol (25 c.c.) for 4 hours, during 
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which ammonia was evolved. Evaporation under reduced pressure and crystallisation of the 
greenish residue (m. p. 178—182°) from ethanol yielded 1 : 3-di-2’-pyridyliminoisoindoline 
(4 g.) as pale, slightly greenish, yellow needles, m. p. 182° (Found: C, 72-3; H, 4-6; N, 23-5. 
C,gH,3N,; requires C, 72-2; H, 4-4; N, 234%). The compound dissolved freely in dilute 
nitric acid. (ii) The dipyridyliminoisoindoline (0-3 g.), m. p. 178—180° (mixed m. p. unde- 
pressed), was also obtained by treating crude diethyl phthalimidoate dihydrochloride (2 g.) in 
chloroform (50 c.c.; dried over P,O,;) with 2-aminopyridine (3 g.) for 36 hours, filtering from 
ammonium chloride, washing the solution with aqueous sodium carbonate and water, and 
evaporating the chloroform. 

(b) Hydrolysis. The compound (X) (1 g.) was heated on the steam-bath with concentrated 
hydrochloric acid (10 c.c.) for 30 minutes and the solution then cooled in ice. Phthalimide 
crystallised (0-433 g., 0-88 mol.), m. p. and mixed m. p. 231—232°. The filtrate was evaporated 
to dryness under reduced pressure, and the residue taken up in water (5 c.c.) and treated witha 
solution of picric acid (1-8 g.) in water (90 c.c.). After 5 minutes, the yellow precipitate of 
2-aminopyridine picrate was collected, washed with water, and dried (1-962 g., 1-90 mols.; 
m. p. and mixed m. p. 215—217°). 

(c) Methylation. The dipyridyliminoisoindoline (X) (0-55 g.) was heated with methyl 
iodide (4 c.c.) at 90—100° overnight. From methanol-ethyl acetate the dimethiodide (X1) 
(1 g.) crystallised as small orange-brown prisms, m. p. 251° (decomp.) (Found: C, 40-9; H, 
3-9; N, 11-5; I, 43-5. Cy 9H, N;I, requires C, 41-2; H, 3-3; N, 12-0; I, 43-5%). After being 
heated in methanol with triethylamine, the dimethiodide was recovered (by evaporation) 
unchanged, m. p. and mixed m. p. 250—251° (decomp.). 

When the dimethiodide (969 mg.) was heated on the steam-bath with 25% hydrochloric 
acid (15 c.c.) for 10 minutes and the solution cooled in ice, phthalimide separated (179 mg.) 
(m. p. 229—230°). The filtrate was evaporated to dryness under reduced pressure, and the residue 
taken up in water (12 c.c.) and filtered from undissolved phthalimide (31 mg.; m. p. 229—230°; 
total yield of phthalimide, 210 mg., 0-86 mol.). To the filtrate, saturated aqueous picric acid 
was added until precipitation ceased and the 2-amino-l-methylpyridinium picrate was collected 
(615 mg.; m. p. 200—201°); concentration of the filtrate to small bulk, under reduced pressure, 
afforded a second crop (110 mg.), m. p. 200—201° (total yield, 725 mg.; 1-30 mols.). Re- 
crystallised from water, the picrate formed golden-yellow needles, m. p. 201° (Found: C, 42-8; 
H, 3-4. Calc. for C,,H,,O,N;: C, 42-75; H, 3:3%). Tschitschibabin, Konowalowa, and 
Konowalowa (Ber., 1921, 54, 814) record m. p. 201°. 

(d) Nickel derivatives. A solution of the dipyridyliminoisoindoline (X) (0-6 g.) in hot 
methanol (40 c.c.) was treated with nickel acetate (0-4 g.) in formamide (4 c.c.), and the dark 
precipitate collected. Evaporation of the filtrate to small bulk, under reduced pressure, 
afforded a golden-brown solid which was washed with water and methanol. From nitrobenzene, 
the nickel monoacetate derivative (XIII) separated as slender brownish-yellow needles, m. p. 
373° (decomp.) (Found: C, 57-9; H, 3-8; N, 16-75; Ni, 13-6. C,,H,,O,N,Ni requires C, 
57-75; H, 3-6; N, 16-8; Ni, 14:1%). Recrystallisation of the foregoing dark precipitate 
from nitrobenzene yielded maroon prisms, m. p. 393° of the nickel derivative (XII) (Found: 
C, 65-4; H, 3-8; N, 21-8; Ni, 8-8. C3,H,,N,)Ni requires C, 66-0; H, 3-7; H, 21-4; Ni, 8-95%). 
The same compound, m. p. and mixed m. p. 393°, was the sole product of a similar reaction 
between (X) and nickel chloride in formamide. 


We are indebted to Imperial Chemical Industries Limited (Dyestuffs Division) for a gift 
of phthalonitrile. Micro-analyses were performed in the micro-analytical laboratory (Mr. 
F. H. Oliver) and spectrographic determinations in the spectrographic laboratory (Mrs. A. I. 
Boston) of this Department. 
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976. Conjugated Macrocycles. Part XXIV.* A New Type of 
Cross-conjugated Macrocycle, related to the Azaporphins. 


By J. A. ELvipGe and R. P. LINSTEAD. 


1: 3-Di-iminoisoindoline readily reacts with 2: 6-diaminopyridine, to 
give a red compound, C,,H,,N,. The structure of this has been established 
as (II) by analytical and synthetical evidence. It contains a cross-con- 
jugated macrocyclic system of a novel type, related to some extent to the 
azaporphins. The macrocyclic compound forms metallic derivatives of high 
thermal stability, in which the metal occupies the centre of the ring. Light- 
absorption data are discussed. 


THE discovery (preceding paper) that both the imino-groups of 1 : 3-di-iminoisoindoline 
(I) could react with primary amines opened up the prospect of constructing entirely new 
types of macrocycle. For example, reaction of two mols. of the di-imine with two of 
m-phenylenediamine or of an equivalent heterocyclic compound could possibly give rise 
by elimination of 4 mols. of ammonia to a macrocycle such as (II); and the molecular 
dimensions appeared not unfavourable. Such a synthesis would, of course, go through 
a series of steps, two possible routes being shown below (2: 6-diaminopyridine as the 
m-diamine) : 


NH 
Linear 2-unit 
Sy, 


f.™~ 
ng, 


as 


\ /s 


NH HN 


\/ YW 
(II) Macrocycle (III) Linear 4-unit 


Two difficulties which were expected were: first, that the intermediate products of 
the reaction might have unfavourable configurations about one or more of the C:N links 


R 
N/ 


oo % 
| NH 


A, syn, favourable B, anti, unfavourable 


(cf. A and B). This could lead to linear polycondensation products containing more 
than 4 units. Secondly, the reactivity of the amino- and imino-groups would diminish 
as the chain grew. 

* Part XXIII, /., 1952, 4846. 
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In fact, the formation of macrocycles by this kind of reaction proceeds remarkably 
easily, and we have prepared a number of compounds of the general type. The present 
paper describes the first substance of the class, with the structure (II), which was obtained 
from 2: 6-diaminopyridine. When this base was heated with 1 : 3-di-imino#soindoline 
(I) in boiling butanol, ammonia was evolved and a sparingly soluble solid separated. No 
phthalocyanine was formed. Crystallisation of the product from hot nitrobenzene gave 
orange-red prismatic needles, m. p. 344°. The yield of pure product was about 40%; the 
by-products have not been examined but are probably open-chain materials of related 
structure. Analyses and ebullioscopic determination of its molecular weight showed 
the red compound to have the formula C,,H,,N,. Although very stable to heat the 
compound was comparatively labile to acids, and concentrated hydrochloric acid con- 
verted it into phthalimide and 2: 6-diaminopyridine in high yields and equivalent 
proportions. 

The macrocyclic structure (II) follows unequivocally from the following facts. The 
formation of the red compound is represented stoicheiometrically as 2C,H,N, + 2C;H,N, 
CygH,gN, + 4NH;, and the action of acid is the hydrolysis, CygH,gN, + 4H,O 
2C,H,O,N + 2C,;H,Ns. The hydrolysis shows that isoindole and pyridine rings are present 
in the compound, and in a 1 : 1 ratio, that they are linked through extra-nuclear nitrogen 
atoms, and that the pyridine groups are opposite [as in (II)] and not adjacent. The 
molecular weight shows that two of each kind of nucleus are present. The 4-unit open- 
chain counterpart (III) of the macrocycle could confidently be excluded from the analytical 
evidence (p. 5011). These results are supported by those for the metallic derivatives, 
described later. 

The reactions and properties of the new macrocycle are particularly interesting in 
relation to those of phthalocyanine, and of the open-chain aza-linked materials described 
in the preceding paper. Of special interest was the reaction with metals. 

The central ring of (II) is similar in size and environment to that in phthalocyanine 
or the recently discovered tetrazaporphin (Linstead and Whalley, J., 1952, 4839). The 
pyridine nitrogen atoms can perform a similar co-ordinating function to that of the second 
pair of tsoindole nitrogens in phthalocyanine and, as expected, bivalent tetraco-ordinate 
metals capable of exhibiting planar symmetry combine with the new macrocycle to form 
stable derivatives of the type C,,H,,N,M (V). Treatment of a hot nitrobenzene solution 
of (II) with nickel acetate dissolved in formamide or benzyl alcohol gave in good yield a 
nickel derivative, CygH,,N,Ni (V; M= Ni). This melted without decomposition at 
386° and sublimed at 300°/10°° mm. It separated from its dark brownish-green solution 
in nitrobenzene as bold dark-brown needles * with a metallic lustre. The powdered solid 
was dark green. When the nickel compound was boiled with concentrated hydrochloric 
acid, the colour was discharged, nickel ion was quantitatively liberated and the usual! 
organic fission products could be isolated in good yield (phthalimide, 1-47 mols. ; diamino- 
pyridine, 1-66 mols.). 

Preliminary experiments with cupric, manganous, plumbous, and mercuric acetates 
in place of nickel acetate showed that complex metallic compounds were formed. The 
copper and manganese derivatives resembled that containing nickel, but the lead and 
mercury compounds were orange. The lead derivative, C,,gH,,N,Pb (V; M = Pb), 
separated from nitrobenzene as hair-like orange needles, melting with decomposition 
above 500°. Treatment of its solution in benzyl alcohol with hydrogen sulphide pre- 
cipitated lead sulphide nearly quantitatively and the metal-free macrocycle (II) could be 
recovered from the filtrate, although not in good yield. In contrast, the nickel derivative 
was stable to hydrogen sulphide. 

The formation of the nickel derivative is precisely what would be expected on the basis 
of the structure (II). In its metal complexes the macrocycle stoicheiometrically resembles 
phthalocyanine and not the open-chain compounds such as dipyridyliminoisoindoline 


* An X-ray examination of these crystals is being made by Dr. J. C. Speakman of the University 
of Glasgow, through the kindness of Professor J. Monteath Robertson, F.R.S. The substance is suitable 
for analysis by the heavy-atom method used for several phthalocyanines. A preliminary electron- 
density map fully confirms structure (V). 
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(VI), described in the preceding paper, which combine with only 1 equivalent of bivalent 
metal, 

Barrett, Dent, and Linstead (J., 1936, 1725) pointed out the significance of the size 
of the central hole in the phthalocyanine structure in relation to the metallic derivatives. 
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The same considerations apply to the new macrocycle. The hole is about 2-4 A in diameter 
and can accommodate covalent nickel (diameter 2-1 A) * more readily than covalent lead 
(diameter 2-9 A).* Tetraco-ordinate lead normally displays tetrahedral symmetry, but 
may be planar in the new complex; possibly also electrovalent forms may make a con- 
tribution to the structure. 

Two other differences have been observed between the new macrocycle and open- 
chain compounds such as dipyridyliminoisoindoline. First, it failed to react with methyl 
iodide, whereas the open-chain compound yields a diquaternary salt in which both pyridine 
nitrogen atoms are quaternised (preceding paper). Perhaps the effective difference is 
that the macrocyclic ring inhibits a sufficient approach of the reagent to the pyridine 
nitrogen atoms. Secondly, the macrocycle (II) forms a yellow monohydrate when 
crystallised from undried benzyl alcohol. This can be reconverted into the anhydrous 
orange-red form at 200° under reduced pressure. The open-chain compounds do not 
yield hydrates; nor do any of the metal-free azaporphins so far encountered. 

The light absorption of the metal-free, lead and nickel compounds have been measured 
(see Table). Detailed interpretation of these values can await the accumulation of data 


Compound Solvent ee | € Compound Solvent ae € 
(II) Morpholine t¢ 3010 23,100 (Vv; M=Ni) H-CO-NMe, 3150 27.800 
3540 20,300 32405 ** 
(Vv; M=Pb) H-CO-NMe, 2650 40,700 3640 37,800 
2790 32,300 3910 35,800 
2940 4100 31,800 
3300 23,300 4400 35,800 
3460 
3650 17,500 
+ In dimethylformamide, maxima were observed at 2800, 2900, 3240, and 3430 A for the metal- 
free compound, but accurate extinction values could not be obtained owing to the very low solubility. 
In formic acid, maxima were observed at 3020, 3140, 3280, and 3440 A, but the extinction coefficients 
fell, presumably owing to hydrolysis. 


from other compounds of similar structure but two points are worth making now: (1) 
Formula (II) represents only one possible form of the metal-free compound; other 
structures such as (VII) can be written for it. In (VII) there is a large, fully conjugated 
ring with two imino-bridges, whereas structure (II) is only cross-conjugated. If structure 
(VII) made an appreciable contribution to the molecule, there would be a new chromophore 
and light absorption at comparatively long wave-lengths, whereas structure (11) only 
contains the partial chromophores present in related linear compounds, such as dipyridyl- 
iminoisoindoline (VI) or its diamino-derivative (IV). (2) Introduction of the metal has 
a marked effect both in wave-length and in intensity on the light absorption, far greater 
than is observed among phthalocyanines or other azaporphins (see Linstead and Whalley, 
loc. cit.; Ficken and Linstead, J., 1952, 4846). A reasonable explanation seems to be that 
phthalocyanines are largely or completely degenerate in both the metal-free and metallic 


* These values are calculated from data given in Landolt-Bérnstein (6th Edn., 1950, Vol. 1, Part 2). 
Pauling (J. Amer. Chem. Soc., 1947, 69, 542) gives Ni 1-149 and Pb 1-538 A, for single-bond radii in the 
metallic state, which are expected to be close to the values for ordinary covalent radii. 
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forms; hence there is little spectral change on the introduction of metal; on the other 
hand, the new macrocycle only functions effectively as a resonance hybrid in the form of 
its derivative with a metal, such as nickel, which is stable in the planar tetraco-ordinate 
state. In other words, in the nickel derivative a structure corresponding to (VII) plays 
a part; and it is this fact which brings about the change in light absorption.* Never- 
theless the hydrolysis of the nickel compound corresponds entirely to structure (V). 

The main importance in the discovery of the new macrocyclic structure is that it is 


of a type comparatively easily prepared and capable of wide variation. Further work is 
in hand. 


EXPERIMENTAL 


The Macrocycle (I1).—Preparation. 1: 3-Di-iminoisoindoline (6 g.) and 2: 6-diamino- 
pyridine (4-6 g.) were heated together in boiling m-butanol (40 c.c.) for 8 hours, during which 
ammonia was evolved. The mixture was cooled, and the orange product (7-8 g.) crystallised 
from boiling nitrobenzene (or dry benzyl alcohol). Orange-red prismatic needles (3-5 g.), 
m. p. 344°, of the macrocyclic compound (II) were obtained [Found: C, 71-05; H, 3-85; N, 
256%; M (ebullioscopic in nitrobenzene), 424, 453. C,,H,.N, requires C, 70-9; H, 3-7; 
N, 25-4%; M, 440-4]. 

Dissolution of the red crystals in hot benzyl alcohol (undried), and cooling, afforded felted 
yellow needles of the monohydrate, m. p. 342—343° (after becoming orange-red at 150—200°) 
(Found: C, 68-2; H, 4:0; N, 24-1, C,,H,.N,,H,O requires C, 68-1; H, 4:0; N, 24-4%). 
When heated at 200°/10-* mm. the yellow crystals fell to a powder of the anhydrous orange-red 
form, m. p. unchanged (Found: N, 25-5%). 

Hydrolysis. The macrocycle (II) (485 mg.) was stirred with warm concentrated hydro- 
chloric acid (10 c.c.) for 10 minutes, after which the deep-red colour of the solution had faded 
and needle-shaped crystals began to separate. The mixture was cooled in ice and the phthal- 
imide collected (300 mg., 1-86 mols.), m. p. and mixed m. p. 229—230°. Evaporation of the 
filtrate under reduced pressure yielded small needles of 2: 6-diaminopyridine hydrochloride 
(250 mg., 1-56 mols.), characterised by conversion into (i) the base, m. p. 119—120° and mixed 
m. p. 120—121°, (ii) the picrate, m. p. and mixed m. p. 237—240° (decomp.), and (iii) the 
3-phenylazo-derivative, m. p. 135—137° (Tschitschibabin and Seide, J. Phys. Chem. U.S.S.R., 
1918, 50, 522, record m. p. 137°). 

Attempted methylation. The macrocycle (II) was recovered completely (m. p. and mixed 
m. p. 342—343°) after having been heated at 100° with a large excess of methyl iodide for 
48 hours. 

Nickel Derivative.—Nickel acetate (0-4 g.) in hot benzyl alcohol (20 c.c.) (or formamide) 
was added to a solution of the macrocycle (II) (0-6 g.) in boiling nitrobenzene (30 c.c.), and the 
dark brownish-green solution cooled. The nickel derivative (0-6 g.) crystallised from nitro- 
benzene as bold, dark brown needles with a metallic sheen, which crushed to a dark green 
powder and had m. p. 386° (Found: C, 62-9; H, 3-0; N, 22-2; Ni, 11-3. C,,H,,N,Ni requires 
C, 62-8; H, 2-85; N, 22-55; Ni, 11-8%). The derivative sublimed slowly at 300°/10-°° mm. 
It was unaffected by treatment in hot benzyl alcohol solution with hydrogen sulphide. 

Hydrolysis. The nickel derivative (104-0 mg.) was treated with boiling 25% hydrochloric 
acid (6-5 c.c.) for 3 minutes and the solution then cooled in ice. Phthalimide separated (45-4 
mg., 1-47 mols.), m. p. 229—230° and mixed m. p. 231—232°. The volume of the filtrate was 
made up to 50 c.c. with distilled water. A 20-c.c. portion was made just alkaline (litmus) 
with ammonia, 1% ethanolic dimethylglyoxime (5 c.c.) was added, followed by concentrated 
ammonia (a few drops), and the mixture warmed on the steam-bath for 20 minutes. The 
nickel dimethylglyoxime was collected, washed with water, and dried (24-2 mg.; i.e., Ni, 11-8%, 
1:00 atom). Treatment of a 10-c.c. portion of the filtrate from the phthalimide with an excess 
of saturated aqueous picric acid precipitated 2: 6-diaminopyridine picrate (23-6 mg., 1-66 
mols.), m. p. 237—-240° (decomp.) alone and in admixture with authentic material. 

Lead Derivative-—Plumbous acetate (0-6 g.) in hot benzyl alcohol (5 c.c.) was added to a 
solution of the macrocycle (II) (0-6 g.) in boiling nitrobenzene (25 c.c.) and the mixture cooled. 
The lead derivative (0-5 g.) crystallised from dry boiling nitrobenzene as silky, hair-like, orange 
needles, m. p. >500° (decomp.) (Found: C, 48-95, 48-6; H, 2-3, 2-7; N, 17-5. C,,H,,N,Pb 
requires C, 48-4; H, 2:2; N, 17-3%). 


* A similar effect may account for the considerable effect of metal on the light absorption of the 
open-chain pyridyl compounds described in the preceding paper. 
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Decomposition. The lead derivative (149-2 mg.) was dissolved in hot benzyl alcohol (50 
c.c.). Hydrogen sulphide (dried by syrupy phosphoric acid) was passed through the solution 
whilst it was allowed to cool. Next day, hydrogen sulphide was passed again for 30 minutes. 
The lead sulphide was collected, washed with benzyl alcohol and dry ether, and kept under 
reduced pressure (54-1 mg.) (Found: Pb, 31-4. C,,H,,N,Pb requires Pb, 32-1%). The 
filtrate was evaporated under reduced pressure, and the residue kept at room temperature, 
whereupon it partly crystallised (79 mg.). Recrystallisation from nitrobenzene afforded in small 
quantity red prismatic needles of the macrocycle (II), m. p. and mixed m. p. 342—343°. 


Micro-analyses were performed in the micro-analytical laboratory (Mr. F. H. Oliver) and 
spectrographic determinations in the spectrographic laboratory (Mrs. A. I. Boston) of this 
Department. 
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977. meroCyanines Derived from Thio-oxindole. Part II.* mero- 
Cyanines having a Tetramethin, Hexamethin, or Diazadimethin Chain 
attached to the 3-Thionaphthen Nucleus. 


By R. H. GLAvVERT and FREDERICK G. MANN. 


The preparation of merocyanines in which the thio-oxindole nucleus is 
linked at the 3-position through a tetramethin, hexamethin, or diazadimethin 
chain to suitable heterocyclic systems is described.| The compounds with 
tetra- and hexa-methin chains act as photographic sensitisers, but those with 
diazadimethin chains do not. 


WE have shown in Part I* that thio-oxindole-3-aldehyde (I), or its anil, will condense under 
the influence of various basic catalysts with a wide variety of heterocyclic quaternary salts 
containing suitable reactive methyl groups, to give a new type of merocyanine dye in which 
the thionaphthen ring is linked at the 3-position to the dimethin chain, e.g., (II). Since 
several of these compounds proved to be valuable photographic sensitisers, we have in- 
vestigated the preparation and properties of similar compounds in which the dimethin 
chain has been extended to a tetramethin and hexamethin chain, or replaced by a 
diazadimethin chain. 

For the preparation of the merocyanines with tetramethin and hexamethin chains, we 
utilised malondialdehyde dianil (III; ™ = 1) and glutacondialdehyde dianil (III; = 2) 
(cf. Piggott and Rodd, B.P. 355,393/1930, 355,693/1930). Thio-oxindole and the former 
readily gave the orange-brown 3-(3-anilinoallylidene)thio-oxindole (IV; ™ = 1), which, 
when treated with a boiling pyridine solution of 2-methylbenzothiazole ethiodide 
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containing triethylamine, condensed further to give the required tetramethin compound, 
[3-(dihydro-2-ketothionaphthen) ][2-(3-ethylbenzothiazoline) }tetramethinmerocyanine (V), 
as blue crystals. 


* J., 1952, 2135. + Patent protection pending. 
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Although thio-oxindole and glutacondialdehyde dianil (III; = 2) readily formed 
3-(5-anilinopentadienylidene)thio-oxindole (IV; m= 2), this did not condense with 
2-methylbenzothiazole ethiodide or lepidine methiodide in spite of wide variation of the 
conditions employed. 

The dianil (III; = 2), however, also combined readily with 2-methylbenzothiazole 
ethiodide in cold ethanol, to give 2-(6-anilino-1 : 3 : 5-hexatrienyl)benzothiazole ethiodide 
(VI) which, when shaken with thio-oxindole in ethanol containing sodium ethoxide, gave 
the required hexamethinmerocyanine (VII). 

When equimolecular quantities of thio-oxindole, the hydrochloride of the dianil (III; 
nm = 2) and 2-methylbenzothiazole ethiodide were treated in hot ethanolic solution with 
sodium ethoxide (2 mols.) the merocyanine (VII) was again obtained, almost certainly 
through the reactive intermediate (VI). 

This remarkable difference in reactivity of the intermediate compounds (IV; m = 2) 
and (VI) is not an isolated example. Thus, 6-ethoxy(thio-oxindole) and the dianil (III; 
n = 2) gave 3-(5-anilinopentadienylidene)-6-ethoxy(thio-oxindole) (as IV; = 2), which, 
however, did not condense with quinaldine methiodide. On the other hand, although the 
dianil (III; » = 2) did not condense satisfactorily with quinaldine methiodide in ethanol, 
yet it did so readily in acetic anhydride, forming (VIII), which with 6-ethoxy(thio-oxindole) 
in hot ethanol containing triethylamine afforded the hexamethinmerocyanine (IX). In 
this case, it was not surprising that when an equimolecular mixture of 6-ethoxy(thio-oxin- 
dole), the hydrochloride of the dianil (III; » = 2), and quinaldine methiodide was heated 
in ethanol with sodium ethoxide, the merocyanine could not be isolated; the purple-red 
colour of the solution indicated that the inactive anilo-compound (as IV ; » = 2) was pre- 
ferentially formed. 
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For the preparation of merocyanines having a diazadimethin chain, we have utilised © 
thionaphthenquinone 3-hydrazone (X) (Glauert and Mann, /J., 1952, 2127). In boiling 
ethanol containing triethylamine this condensed with 2-iodoquinoline methiodide to form 
the reddish-brown [3-(dihydro-2-ketothionaphthen) ][2-(1 : 2-dihydro-1-methylquinoline) }- 
diazadimethinmerocyanine (XI), and with 2-ethylthiobenzothiazole ethiodide to form 
orange crystals of the corresponding [2-(3-ethylbenzothiazoline) }merocyanine (XII). These 


C!N-NH, 

aN/ 

( i “co 

WV\ 7 
Ss ( 


r 


aN /~S. 


Ww \¢ 
J N’ \F 
CL Neon Me “Be 
WV\ % ; 

s (X1A) 


compounds represent the first merocyanines to be prepared in which the two heterocyclic 
nuclei are linked by a diazadimethin chain. 


It is noteworthy that compound (XI), when treated in acetone solution with aqueous 
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hydrogen bromide, gave an orange-yellow crystalline hydrobromide, which, however, 
readily dissociated on exposure to damp air, regenerating the parent merocyanine. The 
colour of this salt, compared with that of (XI), indicates that, as in the case of the dimethin- 
merocyanines (cf. Part I), proton addition has occurred, not on the nitrogen atom of the 
second heterocyclic system, but on the oxygen atom, and that the hydrobromide has 
probably the structure (XIA), of which (XIB) is a second canonical form. If this is so, 
this salt is systematically analogous to a true cyanine, and should therefore be termed 
[2-hydroxy-3-thionaphthen]/1-methyl-2-quinoline]diazadimethincyanine bromide. The 
compound (XII) when similarly treated was however converted into an isomer; this 
behaviour will be investigated more fully later. 

The photographic sensitivity of the above merocyanines has been kindly investigated by 
Imperial Chemical Industries Limited, Dyestuffs Division, who find that the tetramethin 
and hexamethin members are photographic sensitisers, but that the diazadimethin mem- 
bers and also the anil (IV; m = 1) are not. The absorption maxima of the dyes in solu- 
tion and their sensitisation maxima when applied to a bromo-iodide emulsion are tabulated 
and briefly discussed on p. 5016. 

EXPERIMENTAL 

Malondialdehyde Dianil (IIl; n = 1).—Propargylaldehyde diethyl acetal, prepared from 
acraldehyde by Grard’s method (Ann. Chim., 1930, 13, 336), was converted into the dianil 
hydrochloride by reaction with aniline hydrochloride (cf. Claisen, Ber., 1903, 36, 3668). The 
free anil was obtained by basifying a methanolic suspension of the hydrochloride with dilute 
aqueous potassium hydroxide and then precipitating the base by further dilution with water. 

Glutacondialdehyde Dianil (III; m = 2).—The hydrochloride was prepared by Fisher and 
Hamer’s modification (J., 1933, 189) of the method of. Zincke, Heuser, and Mdller (Anmalen, 
1904, 333, 296) : the free base was isolated as above. 

[3-(Dihydro-2-ketothionaphthen) |{(2-(3-ethylbenzothiazoline) \tetramethinmerocyanine (V).— 
Solutions of thio-oxindole (1 g.) and of malondialdehyde dianil (1-48 g., 1 mol.) in warm ethanol 
(5and 10 c.c.) were mixed, boiled under reflux for 5 minutes, and cooled. The deposit of 3-(3- 
anilinoallylidene)thio-oxindole (IV; m= 1) furnished orange-brown crystals (1-24 g.), m. p. 
243—245°, from ethanol (Found: C, 73-0; H, 4-4; N, 5-0. C,,H,,ONS requires C, 73-1; 
H, 4:7; N, 5-0%). This (0-5 g.) was boiled with 2-methylbenzothiazole ethiodide (0-545 g., 
1 mol.) in pyridine (10 c.c.) containing triethylamine (0-25 c.c.) under reflux for 3 hours, develop- 
ing a deep blue colour. The solvent was evaporated under reduced pressure, and the residue 
triturated with methanol; the crystalline product, when recrystallised from methanol, gave the 
merocyanine (V) as small blue crystals, m. p. 173—174° (Found: C, 69-4; H, 5-2; N, 3-8. 
C,,H,,ONS, requires C, 69-4; H, 4:7; N, 3-9%) : yield, 0-38 g., 57%. 

The compound (IV; = 1) did not condense with 2-methylthiazoline ethiodide in boiling 
pyridine-triethylamine or in boiling ethanolic triethylamine, unchanged (IV) being recovered. 

[3-( Dihydro-2-ketothionaphthen) \[2-(3-ethylbenzothiazoline) |hexamethinmerocyanine (VII).— 
(a) Solutions of thio-oxindole (1 g.) and glutacondialdehyde dianil (1-65 g., 1 mol.), both in cold 
ethanol (25 and 100 c.c.), when mixed, rapidly became deep red and deposited crystals, which 
after 24 hours were collected and recrystallised from methanol, giving 3-(5-antlinopentadienyl- 
idene)thio-oxindole (IV; n = 2), purple, m. p. 176—177° (1-5 g.) (Found: C, 7-45; H, 4-5; N, 
4-6. C,,H,,ONS requires C, 74:7; H, 4:95; N, 46%). No merocyanine was isolated from 
equimolecular quantities of this anil and 2-methylbenzothiazole ethiodide in (a) methanol 
containing triethylamine, with 3 hours’ boiling, (b) pyridine containing triethylamine, the 
solution being set aside at room temperature for 48 hours or boiled for 6 hours, or (c) ethanol 
containing sodium ethoxide, the solution being set aside for 24 hours, or boiled for 30 minutes. 

(b) The dianil (0-815 g.) and 2-methylbenzothiazole ethiodide (1 g., 1 mol.) in cold ethanol 
readily formed 2-(6-anilino-1 : 3: 5-hexatrienyl)benzothiazole ethiodide (VI) (0-6 g.), dark 
greenish-brown needles, m. p. 216—217° (Found: C, 54-7; H, 5-1. Calc. for C,,H,,N,IS: 
C, 54-8; H, 4.6%). Brooker, White, Keyes, Smyth, and Oesper (J. Amer. Chem. Soc., 1941, 63, 
3192) give m. p. 161—163°: the reason for the wide discrepancy is not obvious. The product 
(VI) (0-307 g.) and thio-oxindole (0-1 g., 1 mol.) were shaken in ethanol (30 c.c.), to which a 
solution of sodium ethoxide (0-015 g., 1 mol.) in ethanol (15 c.c.) was added, the mixture becom- 
ing blue. After 48 hours, the merocyanine (VII) was collected and recrystallised from ethanol, 
giving bright blue crystals (70%), m. p. 172° (Found: C, 70-5; H, 4:5; N, 3-6. C,,H,,ONS, 
requires C, 70-9; H, 4-9; N, 3-6%). 
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Repetition of this experiment with triethylamine (1 mol.) in place of sodium ethoxide gave 
the merocyanine in 46% yield. 

Thio-oxindole (0-75 g.), the hydrochloride of the dianil (III; = 2) (1-42 g., 1 mol.), and 
2-methylbenzothiazole ethiodide (1-525 g., 1 mol.) were dissolved in boiling ethanol (40 c.c.), to 
which was then added a solution of sodium ethoxide (sodium, 0-23 g., 2 atoms; ethanol, 10 c.c.). 
The solution, which became purple-blue and deposited crystals, was set aside for 24 hours; 
recrystallisation from ethanol then gave the above merocyanine (23%), m. p. 172°, alone and 
when mixed with the previous sample. 

[3-(Dihydro-6-ethoxy-2-ketothionaphthen) \[2-(dihydro-1-methylquinoline) |hexamethinmerocyantne 
(IX).—(a) 6-Ethoxy(thio-oxindole) reacted with the dianil (III; m = 2) under the condi- 
tions previously described, to give 3-(5-anilinopentadienylidene)-6-ethoxythio-oxindole, which 
after recrystallisation from ethanol and acetone (deep purple solution) formed dark blue 
rods (48%), m. p. 185° (Found: C, 72-2;, H, 5-6. C,,H,,O,NS requires C, 72-2; H, 55%). 
Condensation of this with quinaldine methiodide was attempted under conditions similar to 
those described for the unsubstituted anil, but in all cases it was recovered unchanged and the 
absence of a blue colour in the various reaction mixtures showed that not more than a trace of 
the required merocyanine could have been formed. 

(b) (i) Cold solutions of the dianil (III; » = 2) (1 g.) and quinaldine methiodide (1-14 g., 1 
mol.) in ethanol (35 and 25 c.c.) were mixed and set aside for 24 hours. The purple deposit 
(0-25 g.) of indefinite m. p. could not be satisfactorily recrystallised. Reaction in boiling ethanol 
gave no better results. 

(ii) A solution of the above reagents (same quantities) in acetic anhydride (10 c.c.) was boiled 
for 15 minutes and cooled. The 2-(6-acetanilido-1 : 3: 5-hexatrienyl)quinoline methiodide (VIII) 
which separated was recrystallised from ethanol, and apparently formed a stable diethanol 
solvate, dark brown crystals, m. p. 189—190° with softening from 147° (Found: C, 58-7; H, 
6-0; after heating at 60°/0-1 mm., C, 58-5; H, 5-7; N, 5-4. C,,H,,ON,1I,2C,H,O requires 
C, 58-5; H, 61; N, 49%). 

When a few drops of triethylamine were added to a solution of this methiodide (0-2 g.) and 
6-ethoxy(thio-oxindole) (0-08 g., 1 mol.) in a minimum of boiling ethanol, the orange-brown 
solution became dark blue and crystals séparated. The solution when boiled for 5 minutes 
became green. The crystals (0-12 g.), when then recrystallised from benzene, gave the mero- 
cyanine (IX) as green prisms, m. p. 199° (Found: C, 75-65; H, 5-9; N, 3-1. C,,H,,ONS, 
requires C, 75-5; H, 5-6; N, 3-4%). 

[3-(Dihydro-2-ketothionaphthen) |[2-(dihydro-1-methylquinoline) |\diazadimethinmerocyanine (X1). 
—The reddish solution of thionaphthenquinone-3-hydrazone (0-4 g.) and 2-iodoquinoline 
methiodide (0-69 g., 1 mol.) (Roser, Annalen, 1894, 182, 376) in boiling ethanol (50 c.c.), when 
diluted with triethylamine (0-64 c.c., 2 mols.), became deep blood-red and deposited crystals. 
The mixture was boiled for 10 minutes and the crystals, when collected from the cold product 
and recrystallised from ethanol, afforded the reddish-brown merocyanine (XI) (0-33 g.), m. p. 
225—226° (Found: C, 67-9; H, 4:3; N, 13-1. C,,H,,ON,S requires C, 67-7; H, 4:1; N, 
13-15%). 

When 48% aqueous hydrobromic acid (4 c.c.) was added to a suspension of (XI) (0-08 g.) 
in warm acetone (8 c.c.), the greater part of the dye dissolved to give a yellow-orange solution, 
which, when filtered, concentrated, and cooled, deposited the crystalline hydrobromide (XIA-—B). 
When recrystallised from acetic acid and dried in a desiccator at atmospheric pressure this 
formed thin orange-yellow crystals, m. p. 210—211°, which contained one molecule of acetic 
acid and which on exposure to damp air soon darkened as the merocyanine was regenerated 
(Found: C, 52-2; H, 4-15; N, 9-25. C,,H,,ON,BrS,C,H,O, requires C, 52-2; H, 3-9; N, 9-1%). 

The 2-(3-ethylbenzothiazoline) analogue (XII) was prepared as (XI) from 2-ethylthiobenzo- 
thiazole ethiodide (0-7 g., 1 mol.) and recrystallised from ethanol as orange needles, m. p. 
175—176° (Found: C, 60-05; H, 3-7; N, 12-1. C,,H,;ON,S, requires C, 60-2; H, 3-9; N, 
12-4%) : 0-45 g., 59%. 

When a solution of (XII) (a) in cold acetic acid was treated with hydrobromic acid, (6) in 
acetic acid was boiled for a few minutes, (c) in ethanol or benzene was set aside for several 
hours, a bright orange isomer, m. p. 259—-260° unchanged by recrystallisation from acetic 
acid, was deposited (Found: C, 60-3; H, 4:1; N, 12-1%). A mixture of the two forms 
when rapidly heated melted at ca. 230—250°, and when slowly heated melted at ca. 260°, in 
each case with some softening at ca. 170°. 

Ethanolic solutions of (XI) and (XII) were both orange, whereas the corresponding dimethin 
compounds give magenta and orange-pink solutions respectively (cf. Part I). 
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Physical Characteristics.—In the Table below, the second column gives the colour of the dye 
in solution (E = ethanol, M = methanol); the third column gives the concentration in 2- 
ethoxyethanol at which the absorption maxima (my) in the fourth column were determined ; 


No. Solvent and colour in solution Concn. Max. in solution Max. in emulsion 
(V) M Purple-blue 1 : 2000 619 685 
(VII) E Blue 1 : 10,000 644 780 
(IX) E Blue Not tested . 
(XI) E Orange se 
(X11) E Orange-red 1: 2000 454 
(IV, x 1) E Orange 1 : 2000 471 


the last column shows the sensitisation maxima (mu) of the dyes when applied to a bromo- 
iodide emulsion. 

The absorption maximum of the merocyanine having the 3-thionaphthen and the 2-(3- 
ethylbenzothiazoline) nuclei directly joined (cf. Part I) is 418 my, and those of the corresponding 
compounds having these nuclei joined through a di-, tetra-, and hexa-methin chain are 531, 619, 
and 644 my respectively, whilst that of the compound with these nuclei joined by the diaza- 
dimethin chain is 454 mu. Increasing the methin chain therefore causes the expected batho- 
chromic shift in the absorption (the four maxima forming a convergent series), whereas re- 
placement of the dimethin by the diazadimethin chain causes a hypsochromic shift. 


We are greatly indebted to Imperial Chemical Industries Limited, Dyestuffs Division, for 
the determination of the above absorption and sensitisation maxima, and for the giit of various 
compounds. 
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978. The Condensation of Long-chain Fatty Acids with 
Polysaccharides and Proteins. 


By A. S. Jones, M. A. G. KAYE, and M. STACEY. 


The esterification of p-glucose, p-glucosamine, bacterial dextran, and 
the somatic polysaccharide from Mycobacterium tuberculosis with stearic 
acid, has been investigated and the methods adapted to the production of 
esters of biologically active, branched-chain fatty acids with polysaccharides. 
Fatty acids have been condensed with proteins by means of the fatty azide, 
and also by reaction of the fatty acid with p-phenylenediamine, followed 
by diazotisation of the resulting amine and its coupling with protein. 


THE work of Anderson (Chem. Reviews, 1941, 29, 225) and Polgar et al. (Biochem. J., 1948, 
42, 206; Nature, 1950, 166, 693) has shown the great importance of lipids in the constitution 
of Mycobacterium tuberculosis and other organisms of the acid-fast group. In the lipids 
of Myco. tuberculosis there were found branched-chain fatty acids, some of which appeared 
to be involved in the tubercle-forming property of the organism (Sabin, Physiol. Reviews, 
1932, 12, 141). David, Polgar, and Robinson (/., 1949, 1541) and Polgar, Robinson and 
Seijo (J., 1949, 1545) have synthesised various branched-chain fatty acids and have shown 
that some of them, particularly 3: 12: 15-trimethyldocosanoic acid * and 2: 12: 15- 
trimethyldocosanoic acid, were able to cause granuloma formation on injection into 
animals. 

The present work was undertaken in order to determine whether fatty acids are capable 
of acting as specific hapten groups in serological reactions, and to ascertain whether a 
granuloma-forming fatty acid will form antigens capable of conferring a protective action 
against the granuloma-forming action of the acid itself. To this end, methods of synthesis- 
ing fatty acid derivatives of polysaccharides and proteins have been examined. 

The preparation of pentastearoyl «-p-glucose by the action of stearoyl chloride on 
p-glucose in the presence of pyridine has been reported by Hess and Messmer (Ber., 1921, 
54,499). This has been successfully repeated, and the method applied to the stearoylation 
of p-glucosamine hydrochloride, pentastearoyl D-glucosamine being formed. The method 


* Geneva nomenclature (CO,H = 1). This is not the nomenclature used in J., 1949, 1541, 1545. 
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was, however, unsuitable for stearoylation of polysaccharides: either there was no 
reaction or a mixture of degraded products was formed. 

The method used by Stacey and Swift (unpublished results: cf. Clarke, Malm, and 
Stinchfield, B.P. 287,880/1927) for esterification of bacterial dextran with stearic acid, 
namely, the condensation of the free acid with the polysaccharide in the presence of 
chloroacetic anhydride and a trace of sodium perchlorate at 80°, proved more successful. 
Conditions are now reported for the maximum yield of stearoyl dextran with the maximum 
utilisation of fatty acid (Table 1, p. 5018). The latter condition was particularly important 
when working with rare, branched-chain fatty acids. The maximum utilisation in the 
stearoylation of dextran by this method was 59%. The esters formed had a fatty acid 
content varying from 50 to 80% according to the conditions employed and were soluble 
in non-polar solvents. It did not appear possible to obtain by this method appreciable 
quantities of a water-soluble stearoyl dextran. The somatic polysaccharide of Myco. 
tuberculosis (Haworth, Kent, and Stacey, J., 1948, 1211) was similarly esterified to give 
a derivative containing 22% of stearic acid and resembling stearoyl dextran in solubility. 

This method also proved effective for the esterification of dextran and tubercle poly- 
saccharide with the synthetic branched-chain acids, 3 : 12 : 15-trimethyldocosanoic and 
2 : 12 : 15-trimethyldocosanoic acid. In these reactions two products were usually isolated, 
a solid which was insoluble in all the solvents available and a syrup which was soluble in 
non-polar solvents. 

All these fatty acid derivatives of the carbohydrates were highly resistant to hydrolysis 
with dilute aqueous or alcoholic alkali, probably owing to their extreme insolubility. 
Hydrolysis was accomplished, however, by prolonged boiling with aqueous 30% sodium 
hydroxide or by boiling with alcoholic potassium hydroxide with benzene as mutual 
solvent. The former method was the more convenient for the estimation of fatty acid 
content. 

Condensation of fatty acids with proteins was accomplished by two methods. The 
first was an application of that due to Clutton, Harington, and Mead (Biochem. J., 1937, 
31, 764). Palmitoazide, prepared by Curtius’s method (J. pr. Chem., 1901, 64, 419), 
readily condensed with gelatin under mildly alkaline conditions. The product, which 
was isolated as a water-soluble granular white powder, gave on hydrolysis 7:2% of benzene- 
soluble material. Much of the fatty material was only weakly bound inasmuch as it 
could be removed from the protein with boiling benzene. The extracted material, which 
contained nitrogen, appeared to be heterogeneous and was insoluble in most solvents, 
but was sparingly soluble in benzene. The exact nature of the gelatin—-palmitoyl complex 
was not known, therefore, and it may have been an adsorption complex of gelatin with a 
reaction product of palmitoazide. It was noted, however, that palmitic acid itself was 
unable to form a complex with gelatin under the same conditions. Palmitoazide also 
condensed with y-globulin at pH 8 in aqueous dioxan to produce a water-soluble derivative 
which contained 0-8% of fatty acid. Electrophoretic analysis of the material (kindly 
carried out in this Department by Dr. G. A. Gilbert) showed that a new component had 
been formed. Control experiments showed that this was not due to the action of the 
solvents. This method of condensing fatty acids with proteins could not be successfully 
applied to the branched-chain fatty acids, however, mainly because their azides could not 
be characterised. 

The second method used for coupling fatty acids with proteins was an application of 
the classical diazo-reaction (Goebel, Nature, 1939, 143, 77). Stearic acid readily reacted 
with #-phenylenediamine to form N-stearoyl-p-phenylenediamine (Sulzberger, D.R.-P. 
193,451 /1908; Chem. Zent., 1908, 79, 1, 1011). This material was diazotised and coupled 
in aqueous acetone or aqueous dioxan at an alkaline pH with casein, serum mucoid, 
y-globulin, and ovalbumin. The products were pink, water-soluble compounds containing 
0-5—1-3% of stearic acid. 

3: 12: 15-Trimethyldocosanoic acid also reacted with #-phenylenediamine but the 
product could not be obtained pure. The crude derivative, upon diazotisation and 
coupling with y-globulin, gave a pink protein which contained 6-6% of the fatty acid. 
No lipid material was extractable from these complexes by neutral organic solvents, 
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indicating that the fatty acids were firmly bound. The serological investigation of these 
substances is being carried out by Dr. Ungar of Glaxo Laboratories Ltd. and will be reported 
in a separate communication. 

EXPERIMENTAL 

Pentastearoyl p-Glucosamine.—To a suspension of p-glucosamine hydrochloride (1-2 g.) in 
dry chloroform (30 ml.) and dry pyridine (10 ml.) at —15°, stearoyl chloride (10 g.) in dry 
chloroform (10 ml.) was slowly added. The mixture was allowed to warm to room temperature, 
then boiled for 8 hours, cooled, and poured into water (500 ml.). The resulting emulsion was 
extracted with chloroform. The chloroform layer was washed with water (twice), dilute 
hydrochloric acid (twice), and again with water (twice), dried (MgSO,), and evaporated to 
dryness. The resulting syrup was repeatedly extracted with boiling methanol, and the insoluble 
residue repeatedly crystallised from light petroleum (b. p. 60—80°)-ethanol (2:1) and 
finally from chloroform—methanol (2: 1), giving pentastearoyl D-glucosamine (4-5 g.) as a waxy 
crystalline mass, m. p. 71—72%, [a]? + 16° (c, 2-0 in CHCl,) (Found: C, 76-0; H, 12-0; N, 
0-74. CygHy.30,,N requires C, 76-3; H, 12-2; N, 0-93%). 

Stearoylation of Bacterial Dextran.—Mixtures of bacterial dextran (1 g.) [isolated from 
Betacoccus avabinosaceous, Birmingham strain (Stacey and Swift, J., 1948, 1555)], sodium 
perchlorate (0-0025 g.), and stearic acid were heated with chloroacetic anhydride at 80° for 
various times (see Table 1). The mixture was extracted with warm methanol and the residue 
extracted further with light petroleum (b. p. 60—80°). Addition of ethanol to the light 
petroleum extract gave a white, flocculent precipitate, which was dried to a white powder 
(light petroleum-soluble fraction 1). The residue from the light petroleum extraction was 
extracted with water, which removed unchanged dextran, and in some instances a small 
residue (2), soluble in aqueous acetone, remained. The methanol extract, which contained 
mainly stearic acid and chloroacetic anhydride, was poured into water, and the solid filtered 
off, washed with water, and dried in vacuo (P,O,). The material was extracted with light 
petroleum to remove unchanged stearic acid, and the residue gave a fraction (3) which was 
soluble in ethanol. The remaining material (2) was soluble in aqueous acetone. 


TABLE l. 
Chloroacetic anhydride (g.) 
Stearic acid (g.) 
Heating at 80—90° (hr.) 
Light petroleum-soluble fraction (1) (g.) 
Aqueous acetone-soluble fraction (2) (g.) 
Ethanol-soluble fraction (3) (g.) Trace Trace 
Stearic acid in (1) (% 48 -—- 
Stearic acid in (2) (%) sai 0-12 
Stearic acid in (3) (%) = = 
Utilisation of stearic acid (%) = 

Stearoylation of the Somatic Polysaccharide of Myco. tuberculosis (Human Strain).—Stearic 
acid (2 g.), somatic tubercle polysaccharide (1 g.) ({«], +85°; Haworth, Kent, and Stacey, 
loc. cit.), sodium perchlorate (0-0025 g.), and chloroacetic anhydride (10 g.) were heated at 
80° for 4 hours. The mixture was extracted with warm methanol, and the resulting residue 
extracted further with light petroleum. Addition of ethanol to the light petroleum solution 
precipitated the stearoylated polysaccharide. The material was purified by reprecipitation 
from light petroleum and was isolated as a slightly coloured powder (1 g.), soluble in light 
petroleum, chloroform, or benzene and insoluble in ethanol, methanol, or water (Found: 
Stearic acid, 22%). 

Esterification of Dextran and Tubercle Polysaccharide with Biologically Active, Branched- 
chain Fatty Acids.—The experimental conditions were similar to those described above. In 
most instances two products were obtained. One was a waxy solid (A), insoluble in all the 
solvents available. The other was a viscous syrup (B), soluble in light petroleum, chloroform, 
or benzene, but insoluble in ethanol, methanol, or water. The results are summarised in Table 2. 

Reaction of Palmitoazide with Gelatin—A solution of palmitoazide (from palmitoylhydrazine 
hydrochloride, 0-6 g.; Curtius, Joc. cit.) in dioxan (10 ml.) was added, with shaking, to an ice- 
cold solution of gelatin (1-8 g.) in 50% aqueous ethanol, adjusted to pH 9 with dilute sodium 
hydroxide. The mixture was kept at this pH by the dropwise, simultaneous addition of N- 
sodium hydroxide. After 20 hours at 0° the solution was adjusted to pH 5 with 10% acetic 
acid, and the resulting mixture centrifuged at 3000 r.p.m. for 15 minutes. The supernatant 
liquid and unchanged palmitoazide, which collected at the surface of the liquid, were removed 
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by decantation. The residual solid was washed with 50% aqueous ethanol (twice) and dried 
by washing it with ethanol followed by ether. The complex was obtained as a white powder 
(1-35 g.) (Found: N, 133%), readily soluble in warm water. After hydrolysis with boiling 
TABLE 2. Experiments carried out with 200 mg. of polysaccharide. 
Polysaccharide 





‘ Myco. tuberculosis 
Bacterial dextran polysaccharide (somatic) 
Insol. Sol. Insol. Sol. 
Fatty acid product (A) product (B) product (A) product (B) 
3: 12: 15-Trimethyldocos- 200 Mg.; fatty Nil 150 Mg.; fatty 100 Mg.; fatty 
anoic acid acid, 43% acid, 51% acid, 64% 
2: 12: 15-Trimethyldocos- 200 Mg.; fatty 80Mg.; fatty 26 Mg.; fatty 128 Mg.; fatty 
anoic acid acid, 50% acid, 56% acid, 29% acid, 35% 


5n-hydrochloric acid, 7-2% of benzene-soluble material was extracted. When gelatin itself 
was hydrolysed in a similar manner no material soluble in benzene was obtained. 

Palmitoyl-y-globulin.—A solution of palmitoazide (from 0-7 g. of palmitoylhydrazine hydro- 
chloride) in dioxan (10 ml.) was added, with steady mechanical stirring, to a solution of human 
y-globulin (supplied by courtesy of Dr. J. T. Edsall) (1 g.) in 0-2m-borate buffer (pH 8-5; 60 
ml.) kept at 0°. After 18 hours at 0°, the solution was dialysed against tap water for 24 hours 
and unchanged palmitoazide and denatured protein were filtered off. To the filtrate (75 ml.), 
solid ammonium sulphate was added (30 g.), the resulting precipitate removed at the centrifuge, 
washed with 0-6-saturated ammonium sulphate solution (twice), and dissolved in water, and 
the resulting solution dialysed against repeated changes of tap water at 0° for 3 days. The 
solid which separated was dissolved by the addition of 0-2m-acetate buffer (pH 4; 1 ml.), and 
the resulting clear solution dried from the frozen state. Palmityl~y-globulin was obtained as a 
white, flocculent, water-.oluble solid (0-75 g.) (Found: N, 13-1; Ash, 5; palmitic acid, 0-83%). 

N-Stearoyl-p-phenylenediamine (cf. Sulzberger, loc. cit.).—p-Phenylenediamine (1 g.) (purified 
by sublimation in carbon dioxide) and stearic acid (2 g.) were ground together in a mortar and 
the resulting mixture heated at 200° for 15 mins. The resulting solid, crystallised three times 
from ethanol, formed white needles of N-stearoyl-p-phenylenediamine (2-5 g.), m. p 118—119° 
(Found: C, 76-4; H, 11-2; N, 7-3. Calc. for C,H,,ON,: C, 76-9; H, 11-3; N, 7-5%). It 
is essential that the reaction and all subsequent operations be carried out in an oxygen-free 
atmosphere. 

Diazotisation of N-Stearoyl-p-phenylenediamine.—A solution of N-stearoyl-p-phenylene- 
diamine (0-1 g.) in chloroform (10 ml.), acetic acid (10 ml.), and 10N-hydrochloric acid (0-1 ml.) 
was treated with sodium nitrite (50 mg.) at room temperature for 5 mins. The solution was 
filtered and ether (50 ml.) added to the filtrate. The precipitated diazonium salt was washed 
repeatedly with ether, dried quickly by suction, and immediately dissolved in aqueous dioxan 
or aqueous acetone for coupling with proteins. 

p-Stearamidophenylazocasein.—A filtered solution of casein (2 g.) in 0-2N-sodium hydroxide 
(75 ml.) was mixed with acetone (50 ml.). A solution of p-stearamidobenzenediazonium 
chloride (50 mg.) in aqueous acetone (1: 5) (15 ml.) was added and the resulting deep red 
solution set aside for 10 mins. at room temperature. The solution was adjusted to pH 5 by 
addition of 10% acetic acid, and the resulting precipitate collected at the centrifuge and ex- 
haustively extracted with absolute ethanol at room temperature. Upon drying with ether 
p-stearamidophenylazocasein (0-5 g.) was obtained as a pink solid, soluble in phosphate buffer 
of pH 8 (Found: N, 15-2; Stearic acid, 0-83%). 

p-Stearamidophenylazoserum-mucoid.—Serum mucoid (0-5 g.) was dissolved in ice-cold 
distilled water (30 ml.). Acetone (20 ml.), cooled to —15°, was added with stirring and the 
solution cooled to —15°. A solution of p-stearamidobenzenediazonium chloride (50 mg.) in 
aqueous acetone (1:5; 50 ml.) was added slowly. After 10 mins. ice-cold 0-2m-phosphate 
buffer (pH 8; 30 ml.) was added and the solution kept at 0° for 4 hours. After dialysis against 
repeated changes of tap water for 18 hours, the protein was precipitated with ice-cold ethanol 
(3 vols.), and the precipitate separated at the centrifuge and dried with ethanol and ether. 
The product was obtained as a red solid (0-35 g.), easily soluble in water (Found: N, 12-9; Stearic 
acid, 0-99%). 

p-Stearamidophenylazo-y-globulin.—A solution of human y-globulin (1 g.) in distilled water 
(60 ml.) was cooled to 0° and dioxan (30 ml.) added slowly. A solution of p-stearamidobenzene- 
diazonium chloride (50 mg.) in aqueous dioxan (1:5; 10 ml.) was added and the solution kept 
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for 10 mins. Then 0-2m-phosphate buffer (pH 8; 30 ml.) was added at 0°. After 15 hours at 
0° the liquid was dialysed against repeated changes of tap water for 48 hours. The precipitate 
which formed was centrifuged off and suspended in water, and 0-2m-phosphate buffer of pH 8 
added until most of the material was dissolved. Insoluble particles were centrifuged off, and 
the solution was dried from the frozen state to give a pink product (0-85 g.) [Found: N, 
13-6 (corrected for ash); Ash, 32; stearic acid, 1-27%]. 

p-Stearamidophenylazo-ovalbumin.—Ovalbumin (2 g.) was coupled with p-stearamidobenzene- 
diazonium chloride as described above. The product (1-2 g.) contained N, 13-2; stearic acid, 
0-47% ; and inorganic material, 7-8%. 

Reaction of 3:12: 15-Tvimethyldocosanoic Acid with p-Phenylenediamine.—3 : 12: 15- 
Trimethyldocosanoic acid (0-5 g.) was heated with p-phenylenediamine (0-18 g.) at 200° in 
carbon dioxide for 30 mins. The cooled solution was mixed with benzene (50 ml.), and the 
solution extracted five times with warm water. The benzene solution was dried (MgSO,), 
the solvent removed in vacuo, and the resulting syrup dissolved in methanol (3 ml.). After 
2 hours at 0° the product had separated as a waxy solid. This was impure but could not be 
purified further. Upon diazotisation and coupling with $-naphthol it gave a deep red azo- 
compound. The material was used for the next stage of the reaction. 

3: 12: 15-Trimethyldocosanamidophenylazo-y-globulin.—The product obtained by the diazotis- 
ation of N-3: 12: 15-trimethyldocosanoyl-p-phenylenediamine (50 mg.) was coupled with 
y-globulin (0-5 g.) as described above. The product (0-27 g.) was isolated as a pink flocculent 
solid [Found: N, 13-8% (corrected for ash)] which contained inorganic material, 24%, and 
fatty acid, 6-6%. 

The authors thank the Therapeutic Research Corporation for financial support. 
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979. Structural Chemistry of the Alkoxides. Part III.* 
Secondary Alkoxides of Silicon, Titanium, and Zirconium. 


By D. C. BRApLEy, R. C. MEHROTRA, and W. WARDLAW. 


The secondary alkoxides, M(O*-CHR,), where R = Me, Et, Pr”, Pr', or 
Bu", and M(O*CHMeR), where R = Et, Pr*, Pr', Bu®, Bu‘, or n-hexyl, and 
M = Ti or Zr, have been prepared, and also isopropyl and sec.-amyl ortho- 
silicates. Boiling points and, in some cases, vapour pressures and molecular 
weights have been measured. The results support the theory that steric 
effects are most important in determining the physical properties of the 
alkoxides. Entropies of vaporisation for Si(OPr'),, Si(O*CHEt,),, Ti(OPr'),, 
and Ti(O*CHEt,), exhibit some anomalous relations which are discussed. 


BRADLEY, MEHROTRA, and WARDLAW (J., 1952, 2027, 4204) suggested that steric 
effects play an important part in determining the structure and volatility of alkoxides 
of silicon, titanium, and zirconium. It was predicted that the powerful shielding of the 
central atom by branched alkoxide groups would prevent strong intermolecular bonding 
by tertiary alkoxides of titanium or zirconium and these were actually found to be 
monomeric. However, the alternative explanation was also considered that the strong 
(+J) inductive effect of the tertiary alkyl group could be responsible for the striking 
properties of the tertiary alkoxides. 

In an endeavour to resolve these possibilities a detailed study of the secondary alkoxides 
has been made. The following series of compounds were prepared: M(O*CHR,), where 
R = Me, Et, Pr*, Pri, or Bu"; and M(O-CHMeR), where R = Et, Pr*, Pri, Bu", But, or 
n-hexyl. In the first series, the derivatives of the symmetrical dialkylcarbinols, the steric 
effect will increase rapidly with size of the alkyl group but the + effect will soon reach 
saturation. In the other series more gradual steric effects can be achieved. The new 
alkoxides were prepared by alcohol interchange from the isopropoxides. Molecular 
weights and boiling points were measured by methods previously described (locc. c#t.). 
The results are collected in Table 1 (X = molecular complexity = M/Formula weight). 

The contrast between titanium and zirconium is clearly shown. For example, in the 

* Part IT, J., 1952, 4204. 





{1952} Structural Chemistry of the Alkoxides. Part III. 


TABLE I. 
Ti alkoxide Zr alkoxide 

B.p.(0lmm.) M B.p.(0lmm.) M 

390 160° 967 

399 181 868 
163 545 
158 557 
198 a“ 
164 909 
178 860 
176 870 
190 — 
128 481 
212 1039 
dialkylcarbinol series the titanium derivatives, with the exception of the lowest member, 
are monomeric whereas in the zirconium series the molecular complexity changes from 
3 to 2 to 1 as the alkyl groups are changed from methyl to ethyl to propyl. It is note- 
worthy that the monomeric secondary alkoxides of zirconium are close in volatility to 
their titanium analogues as would be expected for monomeric alkoxides (cf. Part II, loc. 
cit.). In the alkylmethylcarbinol series the titanium derivatives are monomeric when 
R in Ti(O*CHMeR), is propyl or higher whilst the molecular complexity of the zirconium 
derivatives decreases from 3 to 2 to 1-7 as the alkyl chain is increased from methyl to 
ethyl to m-hexyl. This behaviour emphasises the steric nature of the effects being in- 
vestigated since in the zirconium series none of the 1-methylalkyloxides shows as complete 
shielding as the derivatives of the dipropylcarbinols. Moreover, the introduction of more 
remote branching in the alkylmethylcarbinol series considerably enhances the shielding. 
Thus, the zirconium derivative of m-butylmethylcarbinol is complex (X between 1-7 and 
2-0) and has a much higher boiling point than the monomeric zirconium derivative of the 
isomeric tert.-butylmethylcarbinol. A similar contrast in properties was found between 
the zirconium derivatives of the n-butyl- and ¢ert.-butyl-carbinol (Part I, loc. cit.). The 
evidence so far presented strongly. favours the suggestion that it is the steric effect of the 
alkoxide group and not the +J effect of the alkyl group which is responsible for the 
remarkable properties of zirconium alkoxides. 

This view is supported by the data in Table 2, which show that the boiling points of 
isomeric monomeric alkoxides of titanium and zirconium are close together irrespective of 
whether the alkoxide is secondary or tertiary. In view of the greater shielding requirements 
of the zirconium atom it is not expected that monomeric zirconium normal alkoxides will 
be found although titanium normal alkoxides with long chains may be monomeric. 
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TABLE 2. 
Ti alkoxide Zr alkoxide 

Alkyl B. p. (0-1 mm.) B. p. (0-1 mm.) Alkyl B. p. (0-1 mm.) B. p. (0-1 mm.) 

ButMeCH 127° 128° Pr',CH 158° 

122 127 Et,C 168 

156 163 Bu'Me,C 154 
Only a few secondary alkoxides of silicon have hitherto been prepared (viz., sec.-butyl 
Ridge and Todd, J., 1949, 2637, and sec.-octyl, Gerrard and Woodhead, J., 1951, 519)- 
Dearing and Reid (J. Amer. Chem. Soc., 1928, 50, 3058) were unable to obtain isopropyl 
orthosilicate from the reaction involving silicon tetrachloride and isopropyl alcohol, but 
we obtained a good yield from these reagents. Similarly the reaction between diethyl- 
carbinol and silicon tetrachloride afforded the required alkoxide. Boiling points were 
measured at various pressures for the new silicon alkoxides, the first three members of the 
series of titanium secondary alkoxides, and zirconium tsopropoxide. In the pressure 
range 2-0—10-0 mm. Hg the data conformed to the characteristic equation: log Jmm. = 
a—b/T. The values of a, b, boiling point at 5-0 mm. (7,9), latent heat of vaporisation 
(Ly, kcal. mole“), and the entropy of vaporisation at 5-0 mm. (AS,.5, cal. mole deg.~*) are 

presented in Table 3. 

The normal boiling points of the tsepropoxides of silicon and titanium were also measured 
and were respectively 186° and 220°, giving the corresponding Trouton constants 24-4 
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and 29-9. The high Trouton constant for isopropyl orthosilicate is interesting in view 
of the monomeric nature of this substance and suggests that strong intermolecular 
forces are present. The higher entropy of vaporisation of titanium tsopropoxide than 
its silicon analogue is not surprising since the former compound shows a molecular 
complexity of 1-4 in boiling benzene. The remarkably high entropy of vaporisation of 
zirconium isopropoxide is of great theoretical interest and will be discussed in detail in 
Part IV. However, it is noteworthy that the increase in molecular complexity (in solution) 
of the tetraisopropoxides as the central atom is changed from silicon (X = 1-0) to titanium 
(X = 1-4) to zirconium (X = 3-0) is reflected in the parallel increase in entropy of 
vaporisation AS, ». 

According to our present theory we should expect monomeric tetra-alkoxides of silicon, 
titanium, and zirconium to have approximately the same entropies (cf. tertiary alkoxides 
of titanium and zirconium, Part II, loc. cit.). Table 3 shows that for certain monomeric 


TABLE 3. 

Alkoxide ea a b Le AS gg Alkoxide Tae a b Le ASg6 
Si(OPr'), 55°8° 8-1 2440 11-2 340 Ti(O-CHMeEt), 127-8° 11:9 4345 19-9 49-6 
Si(O-CHEt,), 0 %7 3690 169 409 Ti(O-CHEt,), 1573 11-6 4640 21-4 49-6 
Ti(OPr'), 91: 96 3225 14:7 405 Zr(OPr), ...... 203-8 15:16 6895 31-5 66-1 
secondary alkoxides this is not the case. For example, although tsopropyl and sec.-amyl 
orthosilicate are undoubtedly monomeric they differ by 6-9 units in entropy of vaporisation 
and the compound which has the more shielded central atom has, unexpectedly, the higher 
entropy of vaporisation. In addition the monomeric titanium derivative of diethyl- 
carbinol has an entropy of vaporisation 8-7 units greater than that of its silicon analogue. 
Whilst the latent heat values are considered as provisional, pending precision vapour- 
pressure measurements, it is believed that the anomalous differences in entropy of vaporis- 
ation quoted above are outside the limits of experimental error. Hitherto attention has 
been focused on intermolecular attraction involving oxygen and the central atom M in 
M(OR), but these new anomalies suggest that strong intermolecular attraction of another 
kind involving the alkyl groups is also present. Two mechanisms seem reasonable to 
explain the abnormally greater structure in the liquid than in the vapour as the size of 
the alkyl group is increased. The first mechanism involves “‘ entanglement ”’ of neigh- 
bouring alkyl groups in the liquid state, thus providing an additional entropy requirement 
in the vaporisation process, whilst an alternative explanation lies in the possibility that 
rotation of the alkoxy-groups is more restricted in the liquid than in the vapour. It is 
clear that alkyl-group interaction would be expected to feature decisively in the properties 
of the straight-chain normal alkoxides which will be dealt with in Part IV. 


” 


EXPERIMENTAL 

All-glass apparatus was used and special precautions were taken to exclude moisture. The 
methods for analysing the alkoxides and for drying and purifying solvents have previously 
been described (Bradley, Mehrotra, and Wardlaw, Parts I and II, locc. cit.). The alcohols used 
were of the purest grade commercially available except for 1-methylbutanol, 1 : 2-dimethyl- 
propanol, and 1-n-butylpentanol which were synthesised by the usual methods involving Grignard 
reagents. All the alcohols were finally purified by fractionation with a column (70-cm.) packed 
with Fenske helices. The same column was used in the alcohol-interchange experiments. 
The methods for determining molecular weights and boiling points and for preparing the 
alkoxides have previously been described (loc. cit.). 

isoPropyl Orthosilicate.—Silicon tetrachloride (18 g.) was added slowly to isopropyl alcohol 
(39-4 g.) at 0°. A vigorous reaction occurred with evolution of hydrogen chloride. Dry 
nitrogen was passed through the liquid for 2 hr. to remove hydrogen chloride and complete 
the reaction. The excess of isopropyl alcohol and remaining hydrogen chloride were removed 
by evaporation under reduced pressure for 12 hr. at room temperature. The final product 
was distilled (b. p. 74°/13 mm.) and gave a colourless mobile liquid (16-6 g.), b. p. 44°/2-5, 
52°/4-0, 61°/6-5, 62°/7-0, 66°/8-7, 70°/10-0, 74°/13, 116°/85, 152°/400, 185°/753 mm. [Found : 
Si, 10-6. Si(OC,H,), requires Si, 10-6%]. 

Titanium isoPropoxide.—The compound, prepared as described by Bradley, Mehrotra, 
and Wardlaw (j., 1952, 2027), had b. p. 61°/0-4, 69°/1-0, 72°/1-5, 77°/2-0, 82°/3-0, 89°/4-5, 
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92°/5-0, 95-5°/6-5, 97°/7-0, 100°/8-2, 102°/9-1, 104°/10-0, 132°/41, 154°/100, 189°/310, 220°/760 
mm. 
Zirconium isoPropoxide.—The complex isopropoxide was prepared as described by Bradley, 
Mehrotra, and Wardlaw (J., 1952, 2027) and converted into the tetraisopropoxide by heating 
it at 100° under reduced pressure. The vapour-pressure determinations are probably less 
accurate than for the other compounds owing to the high b. p. The compound had b. p. 
190-6°/2-0, 195-3°/2-7, 199°/3-5, 202°/4-0, 206-5°/6-5, 208°/7-1, 211-5°/8-0, 212°/9-0 mm. 

Titanium Tetra-(sec.-butoxide).—Titanium isopropoxide (25-0 g.) was caused to react with 
l-methylpropanol (b. p. 99°/750 mm.; 49-0 g.) in benzene (120 c.c.), and the benzene-iso- 
propanol azeotrope removed by fractionation. After evaporation of the solvent the product 
was distilled and gave a colourless mobile liquid (24-1 g.), b. p. 105°/1-2, 111°/1-9, 120°/3-2, 
124°/4-0, 128°/5-0, 132°/6-3, 136-5°/8-0, 139°/9-0, 141°/10-0 mm. [Found: Ti, 14-1. Calc. for 
Ti(OC,H,),: Ti, 14-1%). 

Other alkoxides, similarly prepared, are recorded in Table 4. 

1-Ethylpropyl Orthosilicate.—Silicon tetrachloride (10-0 g.) was added dropwise to 1-ethyl- 
propanol (b. p. 116°/760 mm.; 22-4 g.) at ca. —78° and a brisk evolution of hydrogen chloride 
occurred. The liquid product was allowed to attain room temperature and dry nitrogen was 
then aspirated through it for 2 hr. Excess of alcohol and hydrogen chloride were removed at 
10 mm. and the remaining liquid was distilled (b. p. 100—110°/0-5 mm.). The distillate 
(19-4 g.), which still contained chloride, was refluxed with l-ethylpropanol (8 g.) for 2 hr. and 
then hydrogen chloride removed in nitrogen. After removal of excess of alcohol the new 


TABLE 4. Preparation and properties of titanium and zirconium alkoxides, M(OR),. 
M(OPr') ROH C,H, Yield Found: Reqd. : 
R taken (g.) taken (g.) (c.c.) (g.) B. p./mm. 
Titanium compounds. 
CHMeBu® 
CHMeBut 


‘5, 126°/0-1 


CHMe:C,H,,-” 
CHBu®*, 


SHWIBOS 
—DoAc@ewem 


m bo NS = bo 
em toe em a7 tS 
acm to 


CHMeEt 
CHMeBu® 
CHMeBut 


164°/0-1¢ 
10-05, 190°/0-1 
128°/0-1 ¢ 
°/1-0,4 163°/0-1 
158°/0-1 
CHMe-C,H ,,-" { . . 224°/0-3 * 
CHBuw, 6-8 ° 198°/0-1 4 ; 13-7 

* 3 Hours for complete reaction. ° Slowly crystallises. * 4 Hours for complete reaction. 
4 Slowly solidifies toa glass. * Slowly crystallises; solidifies at —78°. / M. p. ca. 160°. * 7 Hours 
for complete reaction. * With decomp. 


alkoxide (12-5 g.) was distilled (b. p. 102° /0-5 mm., 91°/0-1 mm.) [Found: Si, 7-6. Si(OC,H,,), 
requires Si, 7-45%]. B. p.s were 98°93, 110°/1-0, 119°/1-7, 122°/2-0, 127°/2-6, 131°/3-4, 
135°/4-1, 137°/4-6, 140-5°/5-6, 142°/6-0, 145°/7-0, 148°/8-0, 150°/8-8, 152°/9-5, 153-5°/10-0 mm. 
sec.-Amyloxides of Titanium and Zirconium.—For the preparation and the measurement 
of molecular weights see Part I (loc. cit.). The following b. p.s were recorded for titanium 
tetra-(1-ethylpropoxide) : 112°/0-1, 119°/0-3, 126°/0-7, 134°/1-5, 142°/2-0, 151°/3-7, 160-5°/6-0, 
166°/8-1, 172°/10-5 mm. 
Ebullioscopic Results.— 
Alkoxide Range of wts. (g.) Benzene, c.c. M, found M, calc. 
Ti(OPr'), . 0-117—1-213 37-05 390 284-3 
Zr(OPr'), .. 0-218-—2-089 36-2 967 327-5 
Zr(O-CHMeEt), 0-124— 1-495 36-5 909 383-7 
Ti(O-CHPr*,), 0-105—1-280 36-0 500 508-7 
Zr(O-CHPr*,), 0-080—1-390 35-9 545 552-0 
Ti(O-CHPr',), 0-205—1-917 35-0 474 508-7 
Zr(O-CHPr,), 0-165—1-488 35-7 557 552-0 
Zr(O-CHMeBut), 0-173—1-161 35-3 481 495-9 
Zr(O-CHMe-C,H,,-n), 0:335— 1-603 36-3 1039 608-1 
One of us (R. C. M.) thanks the British Council for a Scholarship and Allahabad University 
for study-leave. 
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980. Heterocyclic Nitrogen Compounds. Part III.* The 
Condensation of Phthalaldehydic Acids and Diamines. 


By (Miss) E. F. M. STEPHENSON. 


The condensation of phthalaldehydic acid and 8-formy]-1l-naphthoic 
acid with certain diamines has been studied. According to the pair of 
reagents used the reaction product is found to be analogous to Bistrzycki’s 
‘« 9-benzoylenebenzimidazole ’’ (II) (Ber., 1890, 23, 1042; 1891, 24, 627) 
containing a C°N bond or its reduction product containing a CH*NH system. 


BisTRZYCKI (Ber., 1890, 23, 1042; 1891, 24, 627) showed that phthalaldehydic acid and 
o-phenylenediamine produce the acid (I), one mol. of phthalaldehydic acid being reduced 
to phthalide. Hot acetic anhydride cyclises (I) to ‘‘ o-benzoylenebenzimidazole”’ (II). 
If ww’-diamino-o-xylene reacts similarly, then after cyclisation the product should be 
(III) and by reduction of the C:N linkage should yield (IV). This compound has already 
been prepared by another method and its structure established (Hatt and Stephenson, 
J., 1952, 199). However, (IV) was produced directly and there was no evidence of the 
formation of the expected acid or its cyclisation product. Use of two molar proportions 
of phthalaldehydic acid did not increase the yield of (IV) and there was no evidence of 
the formation of phthalide. 


Ws 7 , 
\ 6 5 
(IV) H \NH-CH,/#S7 


Now, (I) and (II) are also produced by heating phthalic anhydride with o-phenylene- 
diamine (for this and related examples see Bistrzycki and Fassler, Helv. Chim. Acta, 1923, 
6, 519; Bistrzycki and Lecco, ibid., 1921, 4, 425; Chakravarti, J. Indian Chem. Soc., 1924, 
1, 19: 1925, 1, 329; Betrabet and Chakravarti, zbid., 1930, 7, 191; Porai-Koshits and 
Antoshul’skaya, Chem. Abs., 1944, 38, 1234) and analogous compounds are obtained from 
diphenic or naphthalic anhydride with o-phenylenediamine (Bistrzycki and Fassler, loc. cit. ; 
Chakravarti, Joc. cit.) and from naphthylene-1 : 8-diamine with phthalic or naphthalic 
anhydride (Sachs, Annalen, 1909, 365, 117; cf. Sachs and Mosebach, Ber., 1911, 44, 2861) 
However, attempts to prepare (III) from phthalic anhydride and ww’-diamino-o-xylene 
gave only the symmetrical diphthaloy] derivative of the diamine. 

Further examples of the aldehydic acid condensation have now been studied such that 
the sizes of rings A and B differ from the system studied by Bistrzycki. Phthalaldehydic 
acid and 2 : 2’-diaminodipheny] in acetic acid gave (V) smoothly, in good yield. Similarly, 
8-formyl-l-naphthoic acid gave (VI). Both (V) and (VI) contain a CH*NH rather than 
a CN group, since they can be nitrosated and acetylated and hydrolysis of the result- 


* Part II, J., 1952, 199. 
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ing derivatives regenerates the parent compounds. Compounds containing a C:N group 
are unstable to caustic alkalis, those containing a CH*NH group are stable. Both 
types are unstable in boiling 1 : 1 hydrochloric acid. However, other examples in which 
rings A and B were further varied did not yield CH-NH compounds. Thus, naphthylene- 
1 : 8-diamine with phthalaldehydic acid, and o-phenylenediamine with 8-formy]l-1- 
naphthoic acid, gave (VII) and (VIII) in small yield, and no other pure materials. 
No pure product could be obtained from the condensation of naphthylene-1 : 8-diamine 
and 8-formyl-l-naphthoic acid although (IX) may have been formed in very small yield. 
No satisfactory results could be obtained from the condensation of diphenic anhydride 
and 2 : 2’-diaminodipheny]. 

From the above examples it seems that the CH-NH compounds may be first formed and 
that their conversion into C-(N compounds depends on ability to reduce the aldehydic acid. 
Thus (VII) and (VIII), but not (III), would presumably be stabilised by resonance. How- 
ever, the formation of a stable anil from naphthalic anhydride and 2 : 2’-diaminodiphenyl 
indicates that for (V) and (VI) steric factors are more important—Chakravarti (loc. cit.) 
reported that the anil from o-phenylenediamine and naphthalic anhydride is smoothly 
cyclised to (VIII). Preliminary results indicate that (IV) is stable to mild oxidising agents. 

The compounds containing a C:N group are coloured, except for one reported by 
Bistrzycki and Fassler (loc. cit.). (IV) and (V) are white, but (VI) is bright yellow though 
its acetyl and nitroso-derivatives are colourless. 

8-Formyl-l-naphthoic acid and ww’-diamino-o-xylene in acetic acid gave a colourless 
product which formed the expected monoacety] derivative but, unlike (IV), was decomposed 
by nitrous acid and did not yield a simple nitroso-derivative and has been assigned the 
provisional formula (X). 


EXPERIMENTAL 


M. p.s are corrected. The microanalyses were carried out in the Microanalytical Laboratory 
of the C.S.I.R.O. by Dr. W. Zimmermann and his staff. 

10-Keto-1 : 6-diaza-3 : 4-8 : 9-dibenzobicyclo[5 : 3: O]deca-3 : 8-diene (IV).—Phthalaldehydic 
acid (0-075 g.), ww’-diamino-o-xylene dihydrochloride hemihydrate (0-11 g.), hydrated sodium 
acetate (0-15 g.), and water (15 ml.) were refluxed for 9 hours. After 40 minutes, the amide (IV) 
began to separate. The mixture was cooled and the precipitate (55 mg.) collected. Crystallis- 
ation from ethanol gave colourless needles, m. p. 254—255° (decomp.) alone or mixed with the 
product prepared by Hatt and Stephenson (Joc. cit.). A further 20 mg. were obtained by making 
the filtrate from the first precipitate strongly alkaline and keeping it for 24 hours. The acetyl 
derivative, m. p. 193-5—194°, gave no depression of m. p. with the acetyl derivative of (IV). 
When 2 molar proportions of phthalaldehydic acid were used, (IV) was again the only product 
isolated. The 6-methyl derivative was obtained by heating (IV) (0-5 g.), 90% formic acid 
(3 ml.), and 40% aqueous formaldehyde (3 ml.) on a water-bath for 1 hour, adding 4n-hydro- 
chloric acid (10 ml.), and removing the solvents under reduced pressure. After dissolution 
of the residue in water the methyl derivative was liberated by excess of sodium hydroxide. 
After some hours the product (0-47 g.) was collected. It formed colourless crystals, m. p. 207— 
209° (decomp.), from aqueous ethanol (Found: C, 77-5; H, 6-3; N, 10-5. C,,H,,ON, requires 
C, 77-2; H, 6-1; N, 106%). Prolonged heating of (IV) with formic acid—formaldehyde caused 
decomposition to unidentified products. 

ww’-Diphthalimido-o-xylene.—Phthalic anhydride (1 mol.), ww’-diamino-o-xylene dihydro- 
chloride hemihydrate (1 mol.), and the theoretical amount or an excess of sodium acetate were 
refluxed in ethanol for 3—10 hours. Only ww’-diphthalimido-o-xylene was isolated, forming 
needles (from acetic acid or butanol), m. p. 266—267° (decomp.) alone or mixed with an 
authentic specimen (Gabriel and Pinkus, Ber., 1893, 26, 2212) (Found: C, 72-9; H, 4-2; N, 7:1. 
Calc. for C,,H,,0,N,: C, 72:7; H, 4:1; N, 7-1%). 

10-Keto-1 : 6-diaza-2 : 3-4 : 5-8 : 9-tribenzobicyclo[5 : 3 : O|deca-2 : 4: 8-triene (V).—2: 2’-Di- 
aminodiphenyl (1-76 g.), phthalaldehydic acid (1-35 g.), acetic acid (100 ml.), and water (50 ml.) 
were refluxed for 7 hours. Water (150 ml.) was then added to the hot solution and, after 
cooling, the white crystalline bicyclodecatriene (2-28 g.) was collected. Crystallisation from 
aqueous acetic acid or butanol gave colourless prisms, m. p. 245—-247° (decomp.) (Found: C, 
80-5; H, 4-7; N, 9-5. Cy9H,,ON, requires C, 80-5; H, 4:7; N, 9-4%). The triene is stable in 
boiling alcoholic sodium ethoxide but is slowly attacked by boiling 1 : 1 hydrochloric acid. The 

147 
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nitroso-derivative was obtained when (V) (0-75 g.) in acetic acid (40 ml.) and water (0-5 ml.) 
was cooled to 12° and treated with sodium nitrite (0-18 g.) in water (2 ml.). After 2 hours at 
room temperature the product (0-8 g.) was precipitated by water. Crystallisation from aqueous 
ethanol gave pale cream crystals, m. p. 198-5—200-5° (decomp.) (Found: C, 73-6; H, 4-3; N, 
12-7. Cy oH,,;0,N, requires C, 73-4; H, 4:0; N, 12-8%); it gave a positive Liebermann’s 
nitroso-reaction. Hydrolysis with boiling aqueous-alcoholic potassium hydroxide caused 
regeneration of (V) plus unidentified by-products. The acetyl derivative, prepared by use of 
boiling acetic anhydride, formed prisms (from 40% ethanol), m. p. 221-5—222-0° (Found: 
C, 77-6; H, 4:8; N, 8-7. (C,,H,,O,N, requires C, 77-6; H, 4-7; N, 82%). Attempts to 
methylate (V) with formic aid—formaldehyde brought about its decomposition to unidentified 
products. Like (IV), (V) gives negative tests for the carbonyl group. 

The Compound (V1).—To a solution of 8-formyl-l-naphthoic acid (1 g.) in hot acetic acid 
(25 ml.) 2: 2’-diaminodiphenyl (0-92 g.) in acetic acid (10 ml.) was added, and the mixture 
refluxed for 5-5 hours, and poured into water (150 ml.), an emulsion being then formed. After 
partial neutralisation with sodium hydroxide the mixture was heated for 1 hour on the water- 
bath and kept overnight. The yellow solid (1-67 g.) was collected and chromatographed in 
benzene on alumina (B.D.H.; 2-5 x 11 cm.). The compound (VI) (ca. 1 g.) was eluted in 
benzene. Repeated crystallisation from butanol gave yellow prisms, m. p. 263-5—264-5° 
(Found: C, 82-7; H, 4-8; N, 8-0. C,,H,,ON, requires C, 82-7; H, 4-6; N, 8-0%). (VI) is 
stable to boiling alcoholic sodium ethoxide but is attacked by boiling 1 : 1 hydrochloric acid. 
The nitroso-derivative, obtained as above, formed cream-coloured prisms, m. p. 226—227° 
(decomp.), from butanol (Found : C, 76-7; H, 4-1; N, 11-1. C,,H,;0O,N, requires C, 76-4; H, 
4-0; N, 11-1%) and gave a positive Liebermann reaction. It proved stable to boiling aqueous 
alcoholic potassium hydroxide. The nitroso-derivative (0-35 g.), potassium hydroxide (1-5 g.) 
in water (5 ml.) and ethanol (13 ml.) were refluxed with hydroxylamine hydrochloride (0-28 g.) 
in water (4 ml.) and ethanol (22 ml.) for 9 hours. (VI) (0-2 g.) was recovered from the resulting 
yellow solution by dilution with water and was identified by m. p. and mixed m. p._ The acetyl 
derivative, formed in boiling acetic anhydride, comprised colourless prisms, m. p. 261—261-5° 
(decomp.) (from 50% ethanol) (Found : C, 80-4; H, 4-7; N, 7-5. C,gH,,0,N, requires C, 80-0; 
H, 4-7; N, 7:2%). 

The Compound (X).—8-Formy]-1-naphthoic acid (0-4 g.) and hydrated sodium acetate (0-6 g.) 
in warm acetic acid (15 ml.) and water (5 ml.) were refluxed with ww’-diamino-o-xylene dihydro- 
chloride hemihydrate (0-44 g.) in acetic acid (5 ml.) and water (5 ml.) for 6 hours. A small 
amount of a very sparingly soluble, high-melting precipitate soon separated. This substance 
melted at ca. 310° (decomp.) but was not obtained analytically pure. It may be the dinaphthoyl 
derivative of ww’-diamino-o-xylene. Treatment of the filtrate with 30% aqueous sodium 
hydroxide (20 ml.; cooling) gave a dirty green precipitate (0-22 g.) (A). When the filtrate was 
basified and kept for 24 hours more precipitate (0-22 g.) (B) was obtained The benzene 
solutions of (A) and (B) were chromatographed on alumina, coloured by-products being strongly 
adsorbed and (X) eluted as a colourless solution in benzene. Crystallisation from 50% ethanol 
gave a colourless product [(75 mg. and 95 mg. respectively from (A) and (B)}. Further 
crystallisation from 50% ethanol gave needles, m. p. 195—196° (decomp.) (Found: C, 80-0; 
H, 5-4; N, 8-7. C,9H,,ON, requires C, 80-0; H, 5-4; N,9-3%). In the above chromatography 
elution with ethanol gave a yellow solid which, however, could not be completely freed from 
dark impurities. (X) is stable to boiling alcoholic sodium ethoxide and does not form a benzene- 
sulphonyl derivative [cf. (IV); Hatt and Stephenson, Joc. cit.}|. The acetyl derivative had 

n. p. 215-5—216-5° (from 50% ethanol) (Found: C, 77-3; H, 5-3; N, 7-8. C,,H,,0,N, requires 
C, 77-2; H, 5:3; N, 82%). Nitrosation gave needles, m. p. 237—-238° from ethanol (Found : 
C, 79-7; H, 50; N, 49. (C,,H,,0O,N requires C, 79:2; H, 4:9; N, 4:9%). 

N-2’’-A mino-2’-diphenylylnaphthalimide.—2 : 2’-Diaminodiphenyl (1-9 g.) in hot acetic acid 
(25 ml.) was added to naphthalic anhydride (1-98 g.) in boiling acetic acid (100 ml.) and after 
7 hours’ refluxing the clear yellow solution was set aside for 12 hours. Unchanged naphthalic 
anhydride (0-49 g.) was then removed. Treatment of the filtrate with water (200 ml.) and 30% 
aqueous sodium hydroxide (100 ml.) (cooling) gave a cream-coloured precipitate (2-6 g.), m. p. 
225—237°. Purification was not achieved unless the crude material was first refluxed (7 hours) 
with potassium hydroxide (9 g.) in ethanol (25 ml.) and water (15 ml.). The resulting solution 
(in which a precipitate had sometimes separated) was diluted with water (250 ml.), digested on 
the water bath for 2—3 hours, and cooled and the bright yellow precipitate (2-07 g.) collected. 
Repeated crystallisation from butanol gave the anil as yellow prisms, m. p. 261—262-5° 
(decomp.) (Found: C, 79:1; H, 4:6; N, 7-9. C,,H,,O,N, requires C, 79-1; H, 4-4; N, 7-7%). 
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The acetyl derivative, prepared in boiling acetic anhydride, formed white prisms, m. p. 252— 
254° (decomp.) (Found: C, 76-7; H, 4:4; N, 6-9. (C,,H,,O,N, requires C, 76-8; H, 4-5; N, 
6-9%,). The anil dissolves in hot 6n-hydrochloric acid and a colourless hydrochloride separates 
on cooling. On diazotisation and coupling with 6-naphthol an orange-red azo-dye separates. 

Diphenic Anhydride and 2 : 2’-Diaminodiphenyl.—Equimolar proportions were refluxed for 
8 hours in acetic acid and also heated without solvent at 200—210°. No pure product was 
obtained 

Naphthylene-1 : 8-diamine.—(a) With 8-formyl-l-naphthoic acid. Under conditions which 
were successful in the preparations of (II), (IV), (V), and (VI) no pure product was isolated, 
although it is possible that a trace of (IX) may have been formed. 

(b) With phthalaldehydic acid. Under similar conditions a very poor yield of (VII) (isolated 
by vacuum-sublimation followed by crystallisation from acetic acid) was obtained. Identific- 
ation was by m. p. and mixed m. p. 

8-Formyl-1-naphthoic Acid and o-Phenylenediamine.—These reactants gave a poor yield of 
Chakravarti’s ‘‘ 1 : 2-(1’ : 8’)-naphthoylene-1 : 3-benzodiazole,’’ identified by m. p. and mixed 
m. p. 

I am indebted to Associate Professor Davies and Dr. H. H. Hatt for criticism of the 
manuscript. 
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981. Chelate Systems. Part II.* 
By B. L. SHaw and T. H. Simpson. 


Comparison the Ry values of a number of 4’- and 3’-hydroxyflavones 
shows that a 4’-hydroxyl group stabilises the carbonyl—3-hydroxyl more 
than the carbonyl—5-hydroxyl chelate system. The results support the 
electronic mechanisms suggested in Part I. 

Preparation of a number of 3’-hydroxyflavones is described. 


In Part I,* the use of paper partition chromatography in the study of hydroxylic behaviour 
was discussed. It was shown that chelation may readily be detected by the resulting 
deviation from the characteristic Ry contribution of the hydroxyl group and it was inferred 
that the magnitude of the Ry change is related to the strength of hydrogen bonding. 
Thus, the chromatographic behaviour of a group of flavones revealed hydrogen bonding 
between the pyrone carbonyl group and a 5- or 3-hydroxyl group and indicated that 
chelation was stronger with the former than with the latter hydroxyl group. In inter- 
pretation of these results, it was suggested that the carbonyl-5- and -3-hydroxy] linkages 
arose from the respective contributions of structures (I) and (II—IV) to the resonance 
state of the molecules. 


AW, 4/0 — 5 YS 
(°YPh ‘I . <= 0H \ 


kt 


4~O 
= -- 8+ 


(IIT) 


This formulation of the carbonyl-3-hydroxyl chelate system is unusual in that the 
negative end of the dipole constituting the hydrogen bond gains its change by electron 
transfer from remote atoms not directly involved in the chelate ring. The present study 
was undertaken to provide additional evidence. 

The Ry values of a number of 4’- and 3’-hydroxyflavones are listed in Table 1. The 
solvents used comprised the water-poor components of the mixtures indicated at the foot 
of the table. 

Table 2 gives an analysis of the effects of 3- and 5-hydroxyl group on the differences 
between the Ry values of 4’- and 3’-hydroxyflavones. The third column gives the differences, 

* Part I, J., 1952, 4638. 
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Ry* © — Ry*°®, for a number of non-chelated flavones. The 4’- are slower-moving, 
t.e., more hydrophilic, than the corresponding 3’-hydroxyflavones. Similar effects have 
been observed for isomeric alkylphenols (Campbell, Shewan, and Simpson, forthcoming 
publication) and 2’- and 4’-hydroxyflavones (Simpson and Whitham, unpublished data). 
They appear to be due to steric causes, though other factors may make some contribution. 


TABLE l. 


Flavone Solvent Solvent Solvent Flavone Solvent Solvent Solvent 
substituents ! B Cc substituents , 
4’-Hydroxy- —0- —0-06 — 0-68 : 3’-Dihydroxy-7- 
3’-Hydroxy- — 0-63 —0-31 — 0-86 methoxy- +0- —0-09 —0-90 
4’-Hydroxy-5-methoxy- +0:7 +077 —O-11 : 7: 4’-Trihydroxy- ‘ >+119 +0-69 
3’-Hydroxy-5-methoxy- +0-22 +0-47 -0-38 : 7: 3’-Trihydroxy- ° >+119 +0-60 
4’-Hydroxy-7-methoxy- +0- 0-0 —0-72 : 4’-Dihydroxy- ; —0-63 >—1-09 
3’-Hydroxy-7-methoxy- , —0-22 —0-91 : 3’-Dihydroxy- “82 —0-81 —1-09 
4’-Hydroxy-5 : 7-di- :7:4’-Trihydroxy- +056 >+1-:19 +0-35 
methoxy- +-Q- +-0-85 —0-09 :7:3’-Trihydroxy- +0-l +106 +0-06 
3’-Hydroxy-5 : 7-di : 4’-Dihydroxy-7- 
methoxy- +060 —0O-34 methoxy- , —0-49 <—1-09 
: 4’-Dihydroxy- >+1:19 +10 5: 3’-Dihydroxy-7- 
: 3’-Dihydroxy- >+1:19 +0-66 methoxy- —0- -0-69 
: 4’-Dihydroxy- “12 -0-13 —0-78 : 5:7: 4’-Tetra- 
3 : 3’-Dihydroxy- “2 0-11 —0-78 hydroxy- : >+1-19 
: 4’-Dihydroxy-7- : 5:7: 3’-Tetra- 
methoxy- +-0-30 —0-01 —0-82 hydroxy- +1-13 
Solvents: A, cyclohexane: Pr®OH:H,O = 2: 3 (vol.); B, MeNO,:C,H,: H,0 = 
(vol.); C, MeNO,:C,H,: H, = 3: 4: 5 (vol.) 


orc cr Cr Ge wo 


TABLE 2. Differences between Ry values of 4'- and 3'-hydroxyflavones. 


Ry Ry Ry 
Sol- Substi- differ- Substi- differ- Substi- differ- Substi- 
vent tuents * ence tuents * ence tuents * ence tuents * 
None 3-OH 5-OH -- 
+0-52 —0)- +0-°35 
+0:25 0% +0-18 
+0-18 — 
5: 7-(OH), 3:5:7-(OH), 
+0-47 § +0-37 


+0-34 + 0-08 +0-29 
5-OH-7-OMe 

+0-47 + 0- +0-39 

+0-22 . +0-20 

+0-19 —- 
5: 7-(OMe), 

+0-56 +0-35 

40-30 40-18 

+0-27 a 
5: 7-(OMe), - 5-OH-7-OMe 

+0-51 +0-39 

+0-:25 ° . + 0-20 


+0-25 


* Other than 4’- or 3’-hydroxyl. 


Reading across the table, it can be seen that the addition of a 3-hydroxyl group markedly 
decreases the Ry difference. Since the 3’-hydroxyl group is remote from, and is not 
conjugated with, the carbonyl group it must be assumed that it has no effect on the chelate 
system. The decrease in the Ry difference may therefore be considered as an overall 
decrease in hydrophilic character caused by the effect of a hydroxyl group in the 4’-position 
on the carbonyl-3-hydroxyl chelate ring. This observation that the chelate system is 
stabilised, t.e., displays a smaller hydrophilic activity, by a 4’-hydroxyl group supports 
the electronic formulations suggested in Part I. Further, the stabilisation is considerably 
greater for 4’-hydroxy- than for 7: 4’-dihydroxy- or 4’-hydroxy-7-methoxy-flavone. 
This is in agreement with the postulated chelation since a contribution from the structure 
(IV) to the stability of the chelate ring must reduce the stabilising contribution of (ITI). 
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From the seventh column of Table 2 it is apparent that addition of a 5-hydroxyl group 
causes a small but significant decrease in the difference between the Ry values of 3’- and 
4’-hydroxyflavones. The third and fourth rows show that a similar decrease accompanies 
demethylation of a 5-methoxyl group. This indicates that, contrary to expectation, the 
carbonyl-5-hydroxyl chelate system derives some stability from a hydroxyl group in the 
4’-position and that the effect is considerably smaller than that observed in the case of 
the carbonyl-3-hydroxyl system discussed above. It seems likely therefore that (V) and 
similar forms corresponding to (II) and (IV) make a dominant contribution to the chelation 
of the 5-hydroxyl group and that their effect is opposed by contributions from (I). Thus, 
the increase in the strength of hydrogen bonding expected to result from the addition of 
a 4’-hydroxyl group is not fully realised since it is partly balanced by a reduction in the 
stabilising contribution of (I). 

From the ninth column of Table 2 it is seen that the simultaneous chelation of 3- 
and 5-hydroxyl groups with the pyrone carbonyl group is also stabilised by a 4’-hydroxyl 
group, and that this effect is of the same order as for the carbonyl-5-hydroxyl system. 

Table 3 lists the Ry changes resulting from the addition of 3- or 5-hydroxyl groups to 
3’-hydroxyflavones. This shows, independently of the results given in Table 2, that a 
7-hydroxyl or -methoxyl group increases the stability (decreases the hydrophilic com- 
ponent) of the carbonyl-3-hydroxyl more than that of the carbonyl—5-hydroxyl] chelate 
system. 

Chromatographic xesults similar to those given in Tables 2 and 3 were obtained with 
different developing ‘solvents, ¢.g., benzene—butanol-water and benzene-triethylamine- 
water. ‘ 
TABLE 3. 


3-OH, ARy 5-OH, ARy 
Parent flavone B Cc A 
PVE OU seitsavcdicecessesccdonsce +0-82 +0-20 +0-08 —0-20 —0-50 — 
FS BGO. cccccecvssesccsces +0-39 — —0-06 —0-27 — —0-60 
3’-Hydroxy-7-methoxy ............ +0-49 +0-13 +0-01 —0-22 —0-47* — 


* This value may be subject to serious experimental error since great difficulty was encountered 
in determining the position of 5 : 3’-dihydroxy-7-methoxyflavone. 


The flavones required were prepared by known methods. The yields of 3-substituted 
chalkones were uniformly lower than those obtained for the corresponding 4-substituted 
compounds, probably because of greater competition from the accompanying Cannizzaro 
reaction. 

Attempted fission of the 5-methoxyl group of 3’-hydroxy-5 : 7-dimethoxyflavone with 
aluminium chloride (Gulati and Venkataraman, J., 1936, 267; Venkataraman e? al., 
Proc. Indian Acad. Sci., 1942, 19, 139) gave mixtures of starting material and fully and 
partly demethylated flavones. The desired compound was obtained, chromatographically 
pure and in excellent yield, by heating the dimethyl ether with a mixture of equal volumes 
of acetic and hydriodic acids. 


EXPERIMENTAL 


Analyses are by Miss Corner of the Chemical Research Laboratory and by Drs. Weiler 
and Strauss of Oxford. M. p.s were determined on a Kofler block. 

Partition Chromatography.—This was carried out at 20° on Whatman’s No. I paper as indicated 
in Part I. In order to minimise local variations in the paper support, the 4’- and 3’-hydroxy- 
flavones were run in adjacent positions. After development of the chromatograms, the com- 
pounds were located by viewing in ultra-violet light and by spraying with bisdiazotised benzidine 
solution. Ry values were measured by the chromatogram-analysing device described in Part I. 

3’-Hydroxy-7-methoxy- and 7 : 3’-Dihydroxy-flavone.—To 2-hydroxy-4-methoxyacetophenone 
(4 g.) and m-benzyloxybenzaldehyde (7 g.) in alcohol (75 ml.), aqueous sodium hydroxide (7 g. 
in 15 ml. of water) was added. Next day, after the addition of excess of ether, the sodium 
salt was collected and decomposed with dilute acetic acid. 3-Benzyloxystyryl 2-hydroxy-4- 
methoxyphenyl ketone separated from alcohol in pale yellow, rectangular plates (6-5 g.), m. p. 
128° (Found: C, 76-5; H, 5-5. C,,H,,O, requires C, 76-7; H, 5-6%). This compound (2-5 g.) 
was heated with selenium dioxide (resublimed; 3 g.) in amyl alcohol (50 ml.) under reflux for 
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12 hours. The mixture was filtered and the residue well washed with boiling amy] alcohol. 
The combined filtrate and washings were steam-distilled, leaving a viscous residue which slowly 
solidified. On repeated recrystallisation from methyl alcohol, this yielded 3’-benzyloxy-7- 
methoxyflavone in cream-coloured needles (1:8 g.), m. p. 149° (Found: C, 76-9; H, 5-2. 
C,3H,,0, requires C, 77-1; H, 5-1%). The ether (2 g.) was heated with acetic acid (10 ml.) 
and concentrated hydrochloric acid (10 ml.) on the water-bath. After 30 minutes, the mixture 
was saturated with hydrogen chloride and heated for a further 4 hour. The mixture was then 
steam-distilled to remove benzyl chloride and most of the acetic acid. The resulting pre- 
cipitate was collected and recrystallised from aqueous acetic acid. 3’-Hydroxy-7-methoxy- 
flavone was obtained in colourless needles (1-2 g.), m. p. 249—250° (Found: C, 71-2; H, 4-6; 
OMe, 12-0. C,,;H,O,-OMe requires C, 71-6; H, 4-6; OMe, 11-6%). The acetate separated 
from alcohol in colourless, irregular plates, m. p. 139° (Found: C, 69-8; H, 4:5. C,,H,,0; 
requires C, 69-7; H, 4:5%). 

Demethylation of the above ether (1 g.) was effected by 1 hour’s refluxing with hydriodic 
acid (d 1-7; 15 ml.) and acetic anhydride (7 ml.). The solid deposited after dilution with dilute 
sulphurous acid was recrystallised from acetic acid, yielding 7 : 3’-dihydroxyflavone (cf. Hattori, 
Acta Phytochim., 1932, 6, 131) in cream-coloured needles (0-5 g.), m. p. 291° (lit., 276—277°) 
(Found : C, 70-9; H, 4:3. Calc. for C,,H,,O,: C, 70-9; H, 40%). 

7 : 3’-Dimethoxyflavone (cf. Hattori, loc. cit.) was conveniently prepared by dehydrogenation 
of 2-hydroxy-4-methoxyphenyl 3-methoxystyryl ketone (3-5 g.) with selenium dioxide as 
described above. Recrystallised from methyl alcohol, it formed colourless, felted needles 
(2-2 g.), m. p. 153° (Found: C, 72-5; H, 4-8. Calc. for C,,H,,0O,: C, 72:3; H, 5-0%). On 
demethylation by refluxing hydriodic acid and acetic anhydride, this yielded 7 : 3’-dihydroxy- 
flavone in cream-coloured needles, m. p. and mixed m. p. 290—291°. 

3’-Hydroxy-5 : 7-dimethoxy-, 5: 3’-Dihydroxy-7-methoxy-, and 5:7: 3’-Trihydroxy-flavone.— 
2-Hvdroxy-4 : 6-dimethoxyacetophenone (6 g.) was condensed with m-benzyloxybenzaldehyde 
(10 g.), and the product isolated as above. 3-Benzyloxystyryl 2-hydroxy-4 : 6-dimethoxyphenyl 
ketone was obtained in yellow, felted needles (7 g.), m. p. 128°, from alcohol (Found: C, 73-7; 
H, 5-6. C,,H,.O, requires C, 73-8; H, 5-6%). This compound (6 g.) with selenium dioxide 
(6 g.) and amyl alcohol (125 ml.) under reflux (15 hours) yielded 3’-benzyloxy-5 : 7-dimethoxyflavone 
in pale yellow needles (5 g.), m. p. 138°, from methyl alcohol (Found: C, 74:1; H, 5:3. C,,H,,O0; 
requires C, 74:2; H, 5-1%). On debenzylation as above, this flavone (4:5 g.) yielded 3’- 
hydroxy-5 : 7-dimethoxyflavone in cream-coloured needles (2-7 g.), m. p. 268—269°, from aqueous 
acetic acid (Found: C, 68-5; H, 5:4. C,,H,,O,; requires C, 68-5; H, 4:7%). Its acetate 
separated from alcohol in needles, m. p. 170° (Found: C, 67-2; H, 4:7. C,,H,,O, requires C, 
67-0; H, 4-8%). 

Selective demethylation occurred when 3’-hydroxy-5 : 7-dimethoxyflavone (1 g.) was heated 
with hydriodic acid (d 1-7; 18 ml.) and acetic acid (18 ml.) on the water-bath for 3 hours. 
When isolated by the addition of excess of dilute sulphurous acid and repeatedly recrystallised, 
5 : 3’-dihydroxy-7-methoxyflavone formed clusters of yellow prisms, (0-7 g.), m. p. 237—238°, 
from alcohol. It gave an intense red-brown colour with ferric chloride and alcohol and was 
chromatographically pure (Found: C, 67-6; H, 4-5; OMe, 11-0. C,,;H,O,OMe requires 
C, 67-6; H, 4:2; OMe, 10-9%). Its diacetate crystallised from alcohol in irregular plates, 
m. p. 165—1§46°, from alcohol (Found: C, 65-2; H, 4:4. CO, 9H,,O0, requires C, 65-2; H, 4:3%). 

3’-Hydroxy-5 : 7-dimethoxyflavone (1-5 g.) was completely demethylated by refluxing it 
for 2 hours with hydriodic acid (d 1-7; 10 ml.) and acetic anhydride (7 ml.).__ The solid deposited 
on dilution with excess of dilute sulphurous acid was recrystallised from acetic acid, yielding 
5:7: 3’-trihydroxyflavone (cf. Kostanecki and Streuermann, Ber., 1901, 34, 112), cream- 
coloured needles (0-9 g.), m. p. 313—314° (lit., 299°) (Found: C, 66-6; H, 3-6. Calc. for 
C,;H,,0O;: C, 66-7; H, 3-7%). Its triacetate crystallised from methyl alcohol in needles, 
m. p. 166° (Found: C, 63-9; H, 3-9. Calc. for C,,H,,0,: C, 63-6; H, 4:0%). 

3: 3’-Dihydroxy-7-methoxy- and 3: 7: 3’-Trihydroxy-flavone.—To the slurry, formed by the 
addition of aqueous sodium hydroxide (8-5 g. in a minimum of water) to 3-benzyloxystyryl 
2-hydroxy-4-methoxypheny] ketone (1 g.) in alcohol (75 ml.), hydrogen peroxide (100-vol.) was 
added in portions, until the vigorous reaction ceased. The resulting pale yellow solution was 
diluted with water and acidified with hydrochloric acid. The precipitate recrystallised from 
alcohol, yielding 3’-benzyloxy-3-hydroxy-7-methoxyflavone in slender yellow prisms (0-35 g.), 
m. p. 153°, which gave a violet-brown ferric colour in alcohol (Found: C, 74-0; H, 4-9. 
C,3H,,O,; requires C, 73-8; H, 48%). The acetate separated from alcohol in prisms, m. p. 
136° (Found: C, 71-8; H, 4:8. C,,;H,,O, requires C, 72-1; H, 4-8%). 
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This compound (1-5 g.) was heated with acetic acid (20 ml.) and concentrated hydrochloric 
acid (15 ml.) and the product isolated by the usual method. 3: 3’-Dihydroxy-7-methoxy- 
flavone crystallised from alcohol in pale yellow needles (0-9 g.), m. p. 215—217°, giving a violet- 
brown colour with ferric chloride and an apple-green fluorescent solution with sulphuric acid 
(Found: C, 67-6; H, 4:0; OMe, 11-4. C,,H,O,OMe requires C, 67-6; H, 4:2; OMe, 10-9%). 
The diacetate, separated from alcohol in prisms, m. p. 196—198° (Found: C, 64-9; H, 4:3. 
C,,H,,O, requires C, 65-2; H, 4:3%). 

The last ether was demethylated by heating it under reflux for 1 hour with hydriodic acid 
and acetic anhydride. Worked up in the usual way, the product yielded 3: 7 : 3’-trihydroxy- 
flavone, identical with an authentic specimen, m. p. and mixed 303—304°. 

7-Hydroxy-3 : 3’-dimethoxy-, 3:17: 3'-Trihydroxy-, 5: 7-Dihydroxy-3 : 3’-dimethoxy- and 
3:5: 7: 3’-Tetrahydroxy-flavone.—An intimate mixture of w-methoxyresacetophenone (4 g.), 
sodium m-methoxybenzoate (6 g.), and m-methoxybenzoic anhydride (25 g.) was kept at 185° 
for 54 hours. To a solution of the product in boiling alcohol (250 ml.), potassium hydroxide 
(20 g. in a minimum of water) was added, in small portions. After 20 minutes’ refluxing, the 
alcohol was removed under reduced pressure, and the residue dissolved in water (2 1.). On 
the solution’s being saturated with carbon dioxide, a solid was deposited which was recrystallised 
from alcohol. 7-Hydroxy-3 : 3’-dimethoxyflavone was obtained in colourless, felted needles 
(3-8 g.), m. p. 214—215° [Found: C, 68-3; H, 4-4; OMe, 20-8. C,,H,O,(OMe), requires C, 
68-5; H, 4-7; OMe, 20-8%]. The acetate crystallised from aqueous alcohol in plates, m. p. 
109° (Found: C, 67-1; H, 4:6. C,,H,,O, requires C, 67-0; H, 48%). 

Refluxing the dimethyl ether with hydriodic acid (d 1-7) gave 3: 7 : 3’-trihydroxyflavone 
(cf. Kostanecki and Widmer, Ber., 1904, 37, 4160) as pale yellow needles (0-6 g.) [from acetic 
acid (charcoal)}], m. p. 303—304°. It gave a brown colour with ferric chloride and a green 
fluorescent solution with sulphuric acid. Its triacetate crystallised from alcohol in needles, 
m. p. 169° (Found: C, 63-4; H, 3-8. C,,H,,O, requires C, 63-6; H, 4-0%). 

5 : 7-Dihydroxy-3 : 3’-dimethoxyflavone was prepared from w-methoxyphloracetophenone 
(4 g.), sodium m-methoxybenzoate and m-methoxybenzoic anhydride, as above. After repeated 
recrystallisation from alcohol, it formed cream-coloured leaflets (3-2 g.), m. p. 245—246°, which 
gave a brown colour with ferric chloride and alcohol (Found: C, 65-0; H, 4-5. C,,H,,O, 
requires C, 65-0; H, 4:5%). Its diacetate formed slender needles, m. p. 143°, from aqueous 
alcohol (Found: C, 63-3; H, 4-8. C,,H,,0, requires C, 63-3; H, 4-6%). 

The last ether (2 g.) was demethylated by refluxing (1 hour) hydriodic acid (d 1-7; 20 ml.) 
and acetic anhydride (10 ml.). On the addition of excess of dilute sulphurous acid, the product 
deposited a dark solid which could not be recrystallised without serious loss. It (1-3 g.) was 
acetylated by pyridine and acetic anhydride (2 hours at 100°). The solid deposited on dilution 
of the cooled reaction product with ice-cold water was recrystallised (charcoal) from alcohol. 
3: 5:7: 3’-Tetra-acetoxyflavone formed colourless needles (1-8 g.), m. p. 177—180° (Found : 
C, 60-5; H, 3-8. C,3;H,,0,, requires C, 60-8; H, 4:0%). Hydrolysis by warm alcohol 
and sodium hydroxide gave 3: 5:7: 3’-tetrahydroxyflavone as yellow needles (from aqueous 
acetic acid), m. p. 269—270°, which gave a green-brown colour with ferric chloride and alcohol 
(Found: C, 62-9; H, 3-8. C,,;H,,O, requires C, 62-9; H, 3-5%). 

3’-Hydroxy-5-methoxy- and 5: 3’-Dihydroxy-flavone.—The product from 2-hydroxy-6- 
methoxyacetophenone (5 g.), m-benzyloxybenzaldehyde (10 g.), and aqueous sodium hydroxide 
(15 g. in a minimum of water) in alcohol (40 ml.) was set aside overnight. On dilution with 
water and acidification, 3-benzyloxystyryl 2-hydroxy-6-methoxyphenyl ketone was deposited. 
Recrystallised from methyl alcohol, this formed orange needles (7-2 g.), m. p. 67°, giving a 
brown colour with ferric chloride and alcohol (Found: C, 76-9; H, 5-5. C,,;H,,O, requires 
C, 76-7; H, 55%). This compound (5 g.) was dehydrogenated by selenium dioxide, and the 
product isolated by the usual procedure. After repeated recrystallisation from benzene, 
3’-benzvloxy-5-methoxyflavone was obtained in yellow needles (3 g.), m. p. 153—154° (Found: 
C, 77-1; H, 5-1. C,3H,,O, requires C, 77-1; H, 51%). Debenzylated by acetic acid and 
concentrated hydrochloric acid this yielded 3’-hydroxy-5-methoxyflavone in pale yellow prisms, 
m. p. 237—238-5°, from alcohol, and gave no ferric colour (Found: C, 71:3; H, 4:9; OMe, 
12-0. C,,;H,O,-OMe requires C, 71-6; H, 4-5; OMe, 11-6%). Its acetate crystallised from 
benzene-light petroleum in needles, m. p. 139° (Found: C, 69-8; H, 4-4. C,,H,,O, requires 
C, 69-7; H, 4:5%). 

5 : 3’-Dihydroxyflavone resulted from the interaction of the methyl ether (2-6 g.), hydriodic 
acid (d 1-7; 25 ml.) and acetic anhydride (5 ml.). Isolated by the usual method, it separated 
from alcohol in pale yellow, irregular prisms (1-5 g.), m. p. 259°, giving a green-brown ferric 
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colour in alcohol (Found: C, 70-9; H, 3-9. C,,;H,O, requires C, 70-9; H, 40%). The 
diacetate formed needles, m. p. 165°, from alcohol (Found: C, 67-6; H, 4-5. C,,H,,O, requires 
C, 67-5; H, 46%). 

3’-Hydroxy- and 3: 3’-Dihydroxy-flavone.—Condensation of o-hydroxyacetophenone with 
m-methoxybenzaldehyde, by the established method, yielded 2-hydroxyphenyl 3-methoxystyryl 
ketone. Recrystallised from alcohol, this formed pale yellow, lustrous plates, m. p. 95° (Found : 
C, 75°8; H, 5-3. C,,.H,,O, requires C, 75-6; H, 56%). This cyclised on reaction with selenium 
dioxide; 3’-methoxyflavone was obtained in colourless, lustrous plates m. p. 140°. Demethyl- 
ation by the usual method yielded 3’-hydroxyflavone (cf. Kostanecki and Tambor, Ber., 1901, 
34, 1692), colourless prisms, m. p. 208°, from alcohol. 

To a solution of the above styryl ketone (1 g.) in hot alcohol (15 ml.), alcoholic potassium 
hydroxide (N; 7 ml.) was added, followed immediately by hydrogen peroxide (100-vol.; 2 ml.). 
After the vigorous reaction had ceased (15 mins.), the mixture was diluted with water and 
acidified. The resulting solid was collected and repeatedly recrystallised from alcohol, yielding 
3-hydroxy-3’-methoxyflavone in yellow plates (0-55 g.), m. p. 131° (Found: C, 71-7; H, 4:5; 
OMe, 11-9. C,,;H,O,°OMe requires C, 71-6; H, 4:5; OMe, 11-7%). It gave a violet-brown 
colour with ferric chloride and alcohol, and a yellow solution with a faint, green fluorescence 
with sulphuric acid. The acetate formed needles, m. p. 115°, from methyl alcohol (Found : 
C, 70-0; H, 4:3. C,,H,,O, requires C, 69-7; H, 4:5%). 

On demethylation by the usual procedure, the ether (2-3 g.) yielded 3 : 3’-dihydroxyflavone 
(cf. Gutzeit and von Kostanecki, Ber., 1905, 38, 935) in pale yellow needles (1-3 g.), m. p. 
241—242° (lit., 237°), from alcohol (Found: C, 70-9; H, 3-9%). The diacetate separated from 
alcohol in needles, m. p. 161° (Found: C, 67-4; H, 4:2%). 


One of us (B. L. S.) is indebted to the Department of Scientific and Industrial Research for 
a maintenance grant. The work described in this paper was carried out as part of the pro- 
gramme of the Food Investigation Organisation of the Department of Scientific and Industrial 
Research. 
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982. Higher Aliphatic Compounds. Part X.* A Synthesis of 
Tariric and Petroselinic Acids. 


By P. B. Lums and J. C. Smiru. 


The naturally occurring acetylenic acid, tariric acid, has been synthesised. 
Partial reduction of the synthetic acid yields cis-octadec-6-enoic acid,f 
identical with the petroselinic acid of parsley seed oil. 


TARIRIC ACID, the glyceride of which forms up to 90% of the fat of seeds from Picramnia 
Sow (Steger and Van Loon, Rec. Trav: chim., 1933, 52, 593), was shown by Arnaud (Compt. 
rend., 1892, 114,79; 1896, 122,100; 1902, 134, 473) to be an acetylenic compound, octadec- 
6-ynoic acid. This acid has now been synthesised by using the reaction between tridecynyl- 
lithium and |-chloro-3-iodopropane to yield 1-chlorohexadec-4-yne which, after conversion 
into l-iodohexadec-4-yne gives, by the malonic ester synthesis, solid hexadec-4-ynylmalonic 
acid. The octadec-6-ynoic acid ¢ which is formed on decarboxylation agrees in properties 
with, and gives derivatives identical with those recorded for, natural tariric acid. 

Partial reduction of the sodium salt with hydrogen and Raney nickel gave cis-octadec-6- 
enoic acid, identical with petroselinic acid, the glyceride of which forms up to 75% of the 
fat of parsley seed oil (and the oils of other Umbelliferae). 

It is interesting that after Ahmad, Bumpus, and Strong (J. Amer. Chem. Soc., 1948, 
70, 3391) had synthesised vaccenic (trans-octadec-11-enoic) acid from ]-chloro-9-iodononane 
and octynylsodium (followed by the cyanide synthesis and partial reduction of the octadec- 
11-ynoic acid), Taylor and Strong (ibid., 1950, 72, 4263) failed to obtain petroselinic acid by 

* A Synthesis of Hydnocarpic Acid (Diaper and Smith, Biochem. J., 1948, 42, 581) is to be regarded 


as Part IX of this series; Part VIII, J., 1939, 974. 
+ Geneva nomenclature (CO,H = 1). 
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the route through tridec-l-yne and chloroiodobutane. They concluded that the condens- 
ation would proceed satisfactorily to give CHg*[CHg]}m*C:C-[CH,],°Cl where m<10 and n 
may vary from 3 to at least 9. Huber (tbid., 1951, 73, 2730) prepared octadecynoic and 
octadecenoic acids within these limits, which exclude petroselinic acid, where m — 10 and 
n = 4. 

It seemed that the use of the lithium instead of the sodium salt of the acetylene (tridec-1- 
yne) might lead to the desired reaction with 1-chloro-3-iodopropane, and the product would 
then react with ethyl sodiomalonate. Although we failed to prepare tridecynyl-lithium 
satisfactorily in liquid ammonia solution and to condense it with 1-chloro-3-iodopropane in 
the same solvent, the lithium salt was obtained in dioxan from the reaction between lithium 
metal and di(tridecynyl)mercury (cf. Elsner and Paul, J., 1951, 893). When this solution 
of the lithium salt was condensed with 1-chloro-3-iodopropane a 67% yield of crude 1- 
chlorohexadec-4-yne resulted. 

As a derivative of tariric acid Arnaud and Posternak (Compt. rend., 1909, 149, 220) 
prepared the di-iodide, m. p. 48-5°. In the present investigation this derivative was found 
to be very soluble in ethanol. When crystallised from acetic acid it formed clusters of 
needles which, however, melted at 37° and were found to contain 1 mol. of acetic acid of 
crystallisation. After elimination of the acetic acid the remaining halide had m. p. 47—48°. 

The synthetic tariric acid on ozonolysis gave adipic and lauric acids, showing the 
6-position of the triple bond. 

EXPERIMENTAL 

1-Chloro-3-iodopropane.—1 : 3-Dichloropropane (49 g., 1 mol.;* b. p. 122—123°/753 mm. ; 
nz 1-4660) was mixed with acetone (170 c.c.) in a 2-1. flask with a mercury-seal stirrer, dropping 
funnel, and reflux condenser. During 3 hours sodium iodide (65 g., 1 mol.) in acetone (520 c.c.) 
was added with heating and stirring; the mixture was refluxed for a further 5 hours, with 
stirring to prevent bumping. The crude, olive-green product (95 g.), on distillation through a 
15-cm. Fenske column, gave fractions (i), b. p. 121—122°/750 mm. (12 g.), 1 : 3-dichloropropane, 
(ii), b. p. 74°/35 mm., n? 1-5472 (39 g.), 1-chloro-3-iodopropane, and (iii), b. p. 111—113°/31 
mm. (28 g.), 1: 3-di-iodopropane. B.P. 581,899 (29/10/1946) (I.C.I. Ltd.) records nP 1-5472 
for 1-chloro-3-iodopropane. 

1-Bromoundecane.—Ethyl undecanoate (from ethyl undecenoate, hydrogen, and Raney 
nickel) gave, by reduction with sodium and ethanol, 82—87% yields of undecanol, b. p. 140— 
141°/21 mm., } 1-4403. The bromide, b. p. 137—138°/18 mm., »?? 1-4576, was obtained in 
90% yields (Org. Synth., Coll. Vol. I, 1944, p. 29). 

Tridec-|-yne.—Following Elsner and Paul (/oc. cit.), 1-bromoundecane (46-7 g., 1 mol.) was 
introduced into a steel autoclave which had been cooled with liquid air, and the solution of 
sodium acetylide added (from sodium, 6-93 g., 1 g.-atom, in ammonia and excess of dry acetylene). 
After 20 hours’ shaking at room temperature the mixture yielded tridec-l-yne (30-0 g., 84%), 
b. p. 118-5°/18-5 mm., f. p. 1°, nP 1-4374. Elsner and Paul (loc. cit.) give m. p. 2°5°, n?? 1-4374. 

1-Chloro- and 1-Iodo-hexadec-4-yne.—Attempts to condense tridec-l-yne with 1-chloro-3- 
iodopropane under the following conditions failed: (a) A suspension of lithamide in liquid 
ammonia was shaken in an autoclave with tridec-l-yne and the halide: 92% of the tridecyne 
was tecovered. (b) A suspension of lithamide in liquid ammonia was stirred with tridecyne and 
ether; to the resulting solution of tridecynyl-lithium the halide was added and the mixture 
stirred for 4 hours: this gave a 61% recovery of the acetylene and a 26% yield of crude 1-chloro- 
hexadec-4-yne. (c) Tridecyne was refluxed with lithamide in dioxan (m. p. 12°), and the 
resulting tridecynyl-lithium allowed to react for 3 hours with 1-chloro-3-iodopropane : 84% of 
the halide and of the acetylene were recovered. 

The following procedure was successful: By the method of Johnson and McEwen (/. 
Amer. Chem. Soc., 1926, 48, 469) the acetylene was converted in 87% yield into di(tridecyny])- 
mercury of m. p. 87° [Elsner and Paul (loc. cit.) give m. p. 87—-88°]. Lithie-. (1-0 g., 1-5 g.- 
atom, as thin foil) was stirred with a refluxing solution of di(tridecynyl)mercury (27 g., 1-0 mol.) 
in pure dioxan (400 g., m. p. 12°) under nitrogen. After 4 hours’ refluxing the liquid was 
sucked through a glass-wool plug into a second flask. (From the residual lithium amalgam 
dilute hydrochloric acid liberated 9-23 g. of mercury, equiv. to 96% of the dialkynyl-mercury 
used.) To the clear solution of tridecynyl-lithium 1-chloro-3-iodopropane (21-1 g., 1-07 mol.) 
was added and the mixture stirred and refluxed continuously. After 24 hours the dioxan was 
distilled off (Dufton column), while the mixture was stirred vigorously to prevent bumping. 
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From the residual oily slurry there were obtained (by use of ether and water followed by distil- 
lation) a high-boiling, unsaturated oil containing both chlorine and iodine (b. p. 122—150°/0-1 
mm.,m. p. —7° to —5°, 22-1 g.) and a solid residue (2 g.). By the action of sodium iodide in 
acetone this oil was converted into 1-iodohexadec-4-yne, b. p. 142—150°/0-1 mm., m. p. —3° to 
—2° (22-6 g.). A specimen, crystallised twice from acetone at —20°, gave colourless plates, 
f. p. 0-8°, n} 1-4929 (Found: I, 35-8. C, Hyg requires I, 36-5%). From the solid by-product 
mentioned above, extraction with acetone and recrystallisation from acetone (charcoal) gave 
feathery crystals, f. p. 34:8°, m. p. 35—36° (capillary tube), of nonacosa-12 : 17-diyne (Found : 
86-9; H, 13-1. C,,H;, requires C, 87-0; H, 13-0%). 

Octadec-6-ynoic (Tariric) Acid.—A suspension of ethyl sodiomalonate (from malonic ester, 
6-4 g., 1-6 mol., and sodium, 0-92 g., 1-6 atom) in a solution of 1-iodohexadec-4-yne (13-7 g., 
1-0 mol.; m. p. —2°) in benzene (120 c.c.) was boiled for 5 hours. The ester, hydrolysed with 
alcoholic potassium hydroxide, gave 9-4 g. (74%) of the malonic acid, m. p. 82—84°, which was 
decarboxylated, without further purification, at 140—-150°/20 mm. for 2-5 hours, and then for 
15 minutes at 180°: the product solidified at 48°. After two crystallisations at 0° from light 
petroleum (b. p. 40—60°) the acid had m. p. 50—51° (yield 6-05 g., 77%) (Found: C, 77-0; H, 
11-4. Calc. for C,,H,,0,: C, 77-15; H, 11-4%). Steger and Van Loon (Rec. Trav. chim., 
1933, 52, 593) found m. p. 50-5° for tariric acid extracted from seeds of the Picramnia species of 
Central America. 

The di-iodide was prepared by the action of iodine (1-2 mol.) on an acetic acid solution of the 
acetylenic acid (1-0 mol.) for 4 hours at 55° (Arnaud and Posternak, Compt. rend., 1909, 144, 220). 
On cooling, this solution deposited clusters of needles, m. p. 37—37-5°, which were very soluble 
in ethanol and, after crystallisation from acetic acid, melted at 37—38°, unchanged by further 
crystallisation (Found: C,*40-7; H, 5-9; I, 42-6. C,,H;,0,I,,CH,°CO,H requires C, 40-4; 
H, 6-1; I, 42-75%). Above 40° the solvate lost acetic acid and, after a specimen had been 
heated to 50° and allowed to cool in a vacuum-desiccator (4 times), it assumed the m. p. 47—48-5° 
in agreement with Arnaud and Posternak’s value (Found: C, 40-3; H, 5-9; I, 47-6. Calc. for 
C,,H;,0,I,: C, 40-4; H, 6-0; I, 47-6%). 

Ozonolysis of Octadec-6-ynoic Acid to Adipic and Lauric Acids.—The synthetic acid (0-75 g. ; 
m. p. 50—51°) in pure chloroform (15 c.c.) was ozonised at 0° for 2 hours. After most of the 
chloroform had been evaporated, water was added and the mixture left overnight. Light 
petroleum (b. p. 40—60°; 10 c.c.) and water (25 c.c.) were added and the products separated 
into water-soluble and light petroleum-soluble portions. The aqueous extracts gave 0-23 g. 
(59%) of crude adipic acid, m. p. 146-5—149-5° (lit., 153°). The p-bromophenacy] ester (ob- 
tained in 62% yield) melted at 153—154-5°, alone or when mixed with an authentic specimen. 
From the light-petroleum extract of the ozonolysis product there was obtained a pale yellow 
solid containing peroxides (starch—iodide test). Oxidation of this with potassium permanganate 
(0-1 g.), sodium carbonate (0-25 g.), and warm water (15 c.c.) for 0-5 hour and then acidification 
gave an acid (0-5 g.), m. p. 36—38-5° (lauric acid melts at 44°) (p-bromophenacyl ester, m. p. 
73—74° ; mixed with a specimen of ester, m. p. 75°, from lauric acid of m. p. 44-2°, this melted at 
73—74-5°. 

Reduction of Octadec-6-ynoic Acid. Octadecoic Acid (cf. Collaud, Helv. Chim. Acta, 1943, 26, 
1065).—A solution of the acetylenic acid (1-00 g.) in ethanol was exactly neutralised with 
N-sodium hydroxide. On shaking with hydrogen at 1 atm. in presence of Raney nickel, 1 
equiv. (82 c.c.) of hydrogen was absorbed at the rate of 2.c.c./min. The rate than fell to 0-5 
c.c./min. and reduction was allowed to continue overnight. The product, twice crystallised from 
acetone, was obtained in 72% yield and melted at 69-8° alone, or at 69-8—70° when mixed with 
an authentic specimen of stearic acid, m. p. 70-3°. 

cis-Octadec-6-enoic (Petroselinic) Acid.—A solution of the acetylenic acid (2-0 g.) in ethanol 
(5 c.c.) was made just alkaline to phenolphthalein with n-sodium hydroxide, and water (60 c.c.) 
was then added. The solution was shaken with hydrogen at approx. 1 atm. in presence of 
Raney nickel until 1 mol. of hydrogen (171 c.c., moist, at 16-5°/753 mm.) had been absorbed. 
On acidification and extraction with ether a solid (1-96 g.), mainly of m. p. 22—24°, was obtained. 
High-melting impurities were eliminated by dissolving the crude product (1-96 g.) in light 
petroleum (10 c.c.; b. p. 40—60°) and cooling the solution slowly to 0°. The colourless plates 
(0-23 g.;. m. p. 23—48°; crop I) which formed probably contained acetylenic and stearic acids. 
At —15° the mother-liquor deposited crop II (1-24 g.; m. p. 25—27-5°); on evaporation of the 
mother-liquor a residue of m. p. 22—23° remained and, after crystallisation from acetone, 
melted at 25—26-5° (crop III; 0-2 g.). Systematic crystallisation of crops II and III from 
acetone gave 1-04 g. (50%) of cis-octadec-6-enoic acid, m. p. 28-5—29-2°. Hilditch and Jones 
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(J. Soc. Chem. Ind., 1927, 46, 17417) found m. p. 30° for petroselinic acid (from Umbelliferae 
species), and Van Loon (Rec. Trav. chim., 1927, 46, 492) recorded m. p. 29-4°. Two derivatives, 
petroselaidic acid and erythro-6 : 7-dihydroxystearic acid, were prepared. 

trans-Octadec-6-enoic (Petroselaidic) Acid.—The cis-acid (0-6 g.; m. p. 29-2°), shaken at 
30—40° for 5 minutes with nitric acid (30%) and a crystal of sodium nitrite, gave a solid product, 
but the mixture was set aside overnight. The product (0-6 g.) on crystallisation from acetone 
gave 0-3 g. (50%) of needles, m. p. 52—53° (Found: C, 76-7; H, 11-9. Calc. for C,,H,,0,: C, 
76-6; H, 12:1%). Steger and Van Loon (ibid., 1927, 46, 703) record petroselaidic acid as 
melting at 52-7°. 

erythro-6 : 7-Dihydroxyoctadecoic Acid.—A solution of cis-octadec-6-enoic acid (0-5 g.; 
m. p. 28°) in aqueous potassium hydroxide (1%), cooled to 0°, was added to 1% potassium 
permanganate solution (50 c.c.) at 0°. After occasional shaking during 20 minutes the solution 
was decolorised by sulphur dioxide, and the precipitated acid collected. From the dried product, 
non-hydroxy-acids were eliminated by shaking with light petroleum; the portion insoluble in 
light petroleum, on recrystallisation from ether (30 c.c.), gave a white powder, m. p. 121-5° 
(0-36 g., 64%) (Found: C, 67-9; H, 11-3. Calc. for C,,H;,0,: C, 68-3; H, 11-4%). Steger 
and Van Loon (loc. cit., p. 703) give m. p. 122-2°. 

threo-6 : 7-Dihydroxyoctadecoic Acid.—Hydroxylation of trans-octadec-6-enoic acid (0-15 g.; 
m. p. 52—53°) in sodium hydroxide solution at 10° with 1% potassium permanganate solution 
(12 c.c.) gave, after 20 minutes, a white solid on passage of sulphur dioxide. Warm light 
petroleum (b. p. 40—60°; 20 c.c.) extracted 0-09 g. of unchanged olefinic acid, m. p. 49—51°; 
the residue, crystallised from ether, gave fine needles, m. p. 116-5° (0-05 g.) (Found: C, 68-5; 
H, 11-7. Calc. for C,gH,,0,: C, 68-3; H, 11-4%). Steger and Van Loon (loc. cit., p. 703) give 
m. p. 117-2°. 


The authors are indebted to the Dept. of Scientific and Industrial Research for a Maintenance 
Grant to one of them (P. B. L.). 
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983. An Anthocyanidin of Louro Inamui. 


By Eric CocKER and WESLEY COCKER. 


Louro InAmu1 (Nectandra eleophora), a Brazilian hardwood, sometimes used as a sub- 
stitute for teak, has a high terpene content which has been investigated by Naves (Bull. 
Soc. chim., 1951, 987). However, extraction of shavings of the wood with hot 1% hydro- 
chloric acid afforded a pink-to-brown solution (A), obviously containing anthocyanin. 


Hydrolysis of (A), with boiling 10% hydrochloric acid for 2 minutes, yielded an amber- 
coloured solution (B) of anthocyanidin which was extracted with amyl] alcohol and purified 
by the methods of Robinson and Robinson (Biochem. J., 1931, 25, 1687; 1932, 26, 1647). The 
colouring matter was investigated (a) by the comparative colour reactions employed by Robinson 
and Robinson (loc. cit.), the standards being anthocyanidins (see table) obtained from various 
flowers and woods (cf. also Robinson and Robinson, Biochem. J., 1933, 27, 206) or by synthesis, 
and (b) by ascending-front paper chromatography (Bate-Smith, Nature, 1948, 161, 835). 

Before hydrolysis, the solution (A) gave a mauve colour with sodium carbonate. Dilution 
of (A) with alcohol gave a mauve-yellow colour, and the anthocyanin was readily extracted 
from (A) with amy] alcohol. 

The anthocyanidin was easily extracted from (B) with amyl alcohol, which became brown- 
mauve with sodium acetate. Treatment of the mixture with a drop of ferric chloride solution 
turned the amyl alcohol layer purple, and the aqueous layer blue. The anthocyanidin was 
recovered unchanged in the oxidation test; it was not extracted by the cyanidin, and only 
partly extracted from concentrated solution, but completely extracted on dilution by the 
delphinidin reagent. Eight volumes of benzene were required to drive the anthocyanidin 
from amyl alcohol into 1% hydrochloric acid. The above colour reactions and distribution 
ratios suggest that the wood extract has similarities to malvidin, pelargonidin, and peonidin, 
but the first two are eliminated by chromatography. 
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The table gives the chromatographic characteristics of the wood extract (B) and a selection 
of anthocyanidins run simultaneously on the same paper. Under the conditions employed, the 
anthocyanidins can be placed in groups (cf. Bate-Smith, loc. cit.) but cannot be separately 


Ry value : 
Anthocyanidin Source C&C. B.-S.t 

Wood extract Louro Inamui 0-37 — 
Peonidin Paeonia officianalis 0:37 0-38 

Strawberries 0-49 

(a) Synthetic 0-47 

(b) Centaurea cyanus Linn. 0:47 
Malvidin (a) Malva sylvestris Linn. 0-49 

(b) Epilobium angustifolium Linn. 0-49 
Delphinidin (a) Delphinium Lorna. 0-36 

(6) Campanula glomerata Linn. 0-36 
Peltogynidin Copaiferra pubifiora (purple heart) 0-44 

The solvent employed in the tank was butanol-acetic acid—water (40: 10: 50) (cf. Bate-Smith, 
loc. cit.). 

* We spotted the filter paper with 1% hydrochloric acid solutions of the anthocyanidins; temp. 
18° + 1-5°. Chromatographic runs were made at least 12 times, and Rp values showed variation of 
only 0-01—0-02. 

t+ Bate-Smith employed 5-5% hydrochloric acid solutions of the anthocyanidins. 

identified. The Louro extract falls into the same group as delphinidin and peonidin, but colour 
reactions and distribution ratio eliminate the former. It is probable, therefore, that the Louro 
extract contains a new anthocyanidin which, in the majority of its properties, behaves most like 
peonidin. . 

The sugars involved have not been investigated, but a leuco-anthocyanin in the wood can 
be extracted by boiling glacial acetic acid, from which, by heating with 5% hydrochloric acid, 
a very weak solution of the anthocyanidin may be obtained. 

Extraction of Louro Inamui with acetone or methyl alcohol, yields a waxy solid, which gives 
colour reactions indicative of steroid. This is now being investigated. 


We thank the Director of the Botanical Gardens, Dublin, for a gift of flowers, and Professor 
D. A. Webb for the Copaiferra pubifiora. 
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By F. C. Cooper and M. W. PARTRIDGE. 


InN a series of di-(/-N-phenylamidinophenoxy)alkanes (I), activity im vitro against 
Mycobacterium tuberculosis is considerable when » = 3 or 5, but nil when m = 2, 4, or 6 
(Partridge, J., 1949, 2683). The first member of the series (I; » = 1) could not be prepared 
by the methods then available. We now describe the production of this compound by 
reaction of the corresponding dinitrile with aniline in the presence of sodamide (Cooper and 
Partridge, J., in the press) and by a modification of the Pinner reaction; in both cases the 
yields were small. 


Ph-NH-C(;NH)—€_S—0-(CH,]wO—C_ 


>—C(:NH)-N 
€ J-C:NH)NHPh 


(I) 


Although the details of the mechanism of the Pinner reaction have not been fully 
elucidated, it appears that the second stage is facilitated when the equilibrium set up 
between the reactants, 


R-C(:NH,)-OEt}Cl + NHR’R” => R-C(:NH)-OEt + NH,R’R”Cl 
is displaced in favour of the free ethyl imidate by employing an appropriate excess of a 
base, NHR’R”, of sufficiently high basic strength (Knorr, Ber., 1917, 50, 229; Ashley, 
Barber, Ewins, Newbery, and Self, J., 1942, 113; Delaby, Harispe, and Bonhomme, 
Bull. Soc. chim., 1945, 12, 152). In agreement with this, N-arylamidines are not obtained 
in good yield by aminolysis of ethyl imidates by the weakly basic arylamines (Hill and 
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Rabinowitz, J. Amer. Chem. Soc., 1926, 48, 732; Delaby et al., loc. cit.). By use of a 
2-nitroalkyl imidate, which would very probably be a weaker base than an ethyl imidate, 
two simple N-arylamidines have been obtained in satisfactory yield. Thus benzonitrile, 
brought into reaction with 2-nitrobutanol in the presence of hydrogen chloride, gave 
2-nitrobutyl benzimidate hydrochloride in 60% yield. With -anisidine, this afforded 
N-p-methoxyphenylbenzamidine (82%); with aniline the yield of N-phenylbenzamidine 
was 46%, whereas by the ethyl benzimidate route under the same conditions the yield was 
6%. These results differ from those of Delaby et al. (loc. cit.), who state that the 
constitution of the imidic ester has little influence on the yield of amidine. By the nitro- 
alcohol method, di-(p-N-phenylamidinophenoxy)methane was obtained in 0-5% yield. 

By the method of testing previously employed (Partridge, loc. cit.; Crowshaw and 
Dickinson, Brit. J. Pharmacol. Chemotherapy, 1950, 5, 178), di-(p-N-phenylamidino- 
phenoxy)methane was found to be active at a dilution of 1 in 3000 and partially active at 
1 in 9000 in the presence of 10% of serum. This further confirms the alternation in anti- 
tuberculous activity in this homologous series, although the difference in activity between 
homologues in which » = 1 and m = 3 is greater than that found between » = 3 andm = 5. 


Experimental.—2-Nitrobutyl benzimidate hydrochloride. A mixture of benzonitrile (10-3 g.) 
and 2-nitrobutanol (11-9 g., 1 mol.) was saturated with dry hydrogen chloride at 0° and kept 
at 0° for 3 days. The white, crystalline salt was washed with dry ether and dried in a vacuum 
(yield, 15-5 g., 60%; m. p. 140—141°) (Found: C, 51-6; H, 5-7. C,,H,,0,N,Cl requires 
C, 51-1; H, 58%). 

N-p-Methoxyphenylbenzamidine. A solution of 2-nitrobutyl benzimidate hydrochloride 
(15 g.) and p-anisidine (8-6 g., 1-2 mols.) in dry ethanol (150 c.c.) was kept for 3 days. After 
evaporation of the solvent, basic material was collected in benzene; an acetate buffer extract 
(pH 4-5) of the benzene afforded on the addition of ammonia N-p-methoxyphenylbenzamidine, 
m. p. and mixed m. p. 114—116° (10-7 g., 82%). 

N-Phenylbenzamidine. Repetition of the foregoing experiment with aniline (1 mol. and 
3 mols.) afforded N-phenylbenzamidine in 43% yield in both cases. 

When the first stage of the reaction was conducted in dry ether for 2 weeks and aniline 
{5 ml.) was employed in the second stage, an overall yield of 46% was obtained; the use of 
ethanol instead of 2-nitrobutanol under the same conditions resulted in a 6% yield of the amidine. 

Di-(p-N-phenylamidinophenoxy)methane. (a) A _ solution of di-p-cyanophenoxymethane 
(Ashley e# al., loc. cit.) (7-9 g.) and aniline (5-9 g., 2 mols.) in dry benzene (150 ¢ c.) was refluxed 
with granular sodamide (2-5 g., 2 mols.) for 5 days. The mixture was washed with water; 
basic material was extracted with aqueous lactic acid and precipitated by ammonia. On 
fractional crystallisation from ethanol the crude base (1-25 g.) afforded di-(p-N-phenylamidino- 
phenoxy)methane (0-5 g., 3-5%) as platelets, m. p. 207-5—208-5° (Found: C, 73-8; H, 5-45; 
N, 12-8. C,,H,,O,N, requires C, 74-3; H, 5-5; N, 12-85%). The dipicrate separated from 
aqueous ethanol as yellow needles, m. p. 192—194° (Found: C, 52-4; H, 3-05; N, 15-8. 
C39H 390 16N 19 requires C, 52-35; H, 3-4; N, 15-65%). The concentrated mother liquors from 
the crystallisation of the diamidine deposited p-(p-cyanophenoxymethoxy)-N-phenylbenzamidine 
(0-1 g., 1%), which crystallised from ethanol as plates, m. p. 149—150°, depressed to 125—132° 
on admixture with the corresponding dinitrile (Found : C, 73-6; H, 5-35; N, 12-2. C,,H,,0,N, 
requires C, 73-45; H, 5-0; N, 12-25%). Unchanged dinitrile (4-7 g., 60%), m. p. and mixed, 
m. p. 147-5—148-5°, was recovered from the non-basic fraction. When the reaction was 
conducted in boiling xylene for 36 hours, the yield of diamidine was 2% but no monoamidine 
was detected. 

(b) The dinitrile (10 g.), suspended in a mixture of 2-nitrobutanol (10 g., 2-1 mols.) and dry 
ether (30 c.c.), was shaken for 14 days. The insoluble solid was collected, washed with ether, 
and dissolved in ethanol (75 c.c.); aniline (15 g., 4 mols.) was added and the mixture was kept 
for 7 days. From the basic fraction a crude picrate was prepared; this on treatment with 
acid afforded basic material (0-25 g.) which on crystallisation from ethanol gave the diamidine 
(0-07 g., 0-5%), m. p. and mixed m. p. 206—207-5°. 


The authors gratefully acknowledge their indebtedness to Mr. C. E. Coulthard, Dr. L. 
Dickinson, and Miss B. Croshaw, of Boots Pure Drug Co., Ltd., for the biological tests. 
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985. Some Compounds related to Hexestrol. 
By D. A. Forss, W. FREUND, and E. R. STOVE. 
SINCE the discovery by Dodds, Golberg, Lawson, and Robinson (Nature, 1938, 141, 247; 


Proc. Roy. Soc., 1939, B, 127, 140) of the synthetic cestrogens hexcestrol and 
diethylstilbcestrol, numerous attempts have been made to obtain compounds with 
androgenic or progestational effect by introducing keto- or keto-alcohol groups into their 
skeleton. 

In spite of many failures to prepare ketones of the hexcestrol type with androgenic 
activity it was considered worth while to prepare compounds which had the ketonic group in 
the aliphatic chain and not attached to the phenyl group, as in the compounds previously 
investigated. However, 3-p-methoxyphenyl-4-phenylhexan-2-one (Satriana, Loter, and 
Baizer, J. Amer. Chem. Soc., 1951, 78, 866) as well as the isomeric 4-f-methoxyphenyl-3- 
phenylhexan-2-one proved inactive. 


EXPERIMENTAL 
M. p.s are uncorrected. 

3 : 4-Diphenylhexan-2-one.—a8-Diphenylvaleronitrile (m. p. 115°; 11-8 g.; Kohler, Amer. 
Chem. J., 1906, 35, 386) was added slowly to a boiling solution of methylmagnesium iodide 
(from 15 g. of methyl] iodide) in ether (200c.c.). After approx. 5 hours’ boiling, the same amount 
of Grignard solution and another 100 c.c. of ether were added. After another 10 hours’ boiling, 
the solution was decomposed with water and dilute hydrochloric acid. The ether was washed 
with more dilute hydrochloric acid and water, dried (Na,SO,), and evaporated. The oily 
residue was digested with cold alcohol. The solid, after several recrystallisations from alcohol, 
melted at 127°, and was free from nitrogen. A considerable amount of pure ketone can be 
obtained from the extracted aqueous solution. Kohler reported m. p. 116°; his compound was 
probably contaminated with nitrile. 

8-p-Methoxyphenyl-«-phenylvaleronitrile—Condensation of p-methoxybenzaldehyde with 
benzyl cyanide gave $-cyano-4-methoxystilbene, m. p. 96° (Frost, Annalen, 1880, 250, 159 reported 
93°) after recrystallisation from alcohol. On to this (23-5 g.) in the thimble of a Soxhlet extractor 
a Grignard solution from ethyl bromide (ca. 26 g.), magnesium (5 g.), and ether (300 c.c.) was 
boiled until all had been dissolved (ca. 10 hours), more ether (100 c.c.) being meanwhile added. 
The Grignard solution was decomposed as above. A yellow solid was collected, washed with 
water, digested with a small amount of cold alcohol, and dried (tile). After two recrystallisations 
from alcohol, 8-p-methoxyphenyl-a-phenylvaleronitrile separated in rods, m. p. 122° (Found: 
C, 81-5, 81-7; H, 7-3, 7-2; N, 5:3; MeO, 11-7. C,,H,,ON requires C, 81-5; H, 7:2; N, 5:3; 
MeO, 11-7%). The ethereal layer was washed with dilute hydrochloric acid and water, dried 
(Na,SO,), and evaporated, leaving an oil which after digestion with alcohol yielded more of the 
compound of m. p. 122°. The yield of pure material was approx. 50%. 

4-p-Methoxyphenyl-3-phenylhexan-2-one.—$-p-Methoxyphenyl-«-phenylvaleronitrile (13-3 g.) 
in a Soxhlet thimble was added by extraction to a boiling Grignard solution of methyl iodide 
(14-5 g.) in ether (200 c.c.). After 36 hours’ refluxing, a Grignard solution from another 14-5 g. 
of methyl iodide was added, and the solution boiled for a further 12 hours, then decomposed 
as above. The ethereal layer, treated as above, gave a brown residue which on digestion with 
cold alcohol gave 4-9 g. of solid still giving a positive nitrogen test. After three recrystallisations 
from alcohol, nitrogen-free material was obtained. 4-p-Methoxyphenyl-3-phenylhexan-2-one 
formed needles, m. p. 109—110° (Found: C, 80-9, 80-9; H, 7-9, 7-9; MeO, 10-8. C,,H,,O, 
requires C, 80-9; H, 7-8; MeO, 11-0%). From the mother liquors of the recrystallisation, an 
isomeric ketone, m. p. 60—61°, was isolated in small quantities (Found: C, 81-0, 80-9; H, 7-9, 
79%). 

a8-Di-p-hydroxyphenylvaleric Acid.—a-Cyano-4 : 4’-dimethoxystilbene (m. p. 108—109°; 
Niederl and Ziering, J]. Amer. Chem. Soc., 1942, 64, 885) was treated with a Grignard solution of 
ethylmagnesium bromide. a $-Di-p-methoxyphenylvaleronitrile, m. p. 130—131°, was obtained 
in agreement with Hunter and Korman (ibid., 1948, 70, 3424). This (7 g.) was heated with 
concentrated hydrochloric acid (23 c.c.) at 210—215° for 4 hours. The product (partly solid) 
was dissolved in sodium hydrogen carbonate solution (solution deep red) which after filtration 
was made nearly neutral with N-hydrochloric acid. A dark brown resin was precipitated, 
filtered off, and dried (substance A). The filtrate was made strongly acid (pH 1—2) and the 
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white solid which was precipitated was immediately filtered off (substance B). The filtrate 
gradually deposited colourless crystalline material (substance C). 

Substance A did not yield a uniform compound. 

Substance B (0-9 g.; m. p. 221—229°) was recrystallised from 180 c.c. of water, giving 0-4 g. 
of material, m. p. 234—244°. This (1 g.) was heated with acetyl chloride giving «$-di-p- 
acetoxyphenylvaleric acid, m. p. 215—216° (from alcohol) (Found: C 68-2, 68-2; H, 6-0, 6-1. 
C,,H,,0, requires C, 68-1; H, 6-0%). 

Substance C (0-1 g.), recrystallised from water, gave needles, m. p. 188—191°, the lower- 
melting isomer of «$-di-p-hydroxyphenylvaleric acid (Found: C, 71-4, 71-4; H, 6-1, 6-4. 
C,,H,,0, requires C, 71:3; H, 6-3%). 

The diacetate of m. p. 216° gave, on hydrolysis, the higher-melting isomer, m. p. 243—245° 
(Found : C, 71-3, 71-3; H, 6-3, 6-3%). 


I thank Dr. M. J. Etheridge of the Physiology Department for the biological assays, and 
Dr. K. F. Tettweiler, formerly of the University of Melbourne, for the microanalyses. This 
work was supported in part by a grant from the National Council for Health and 
Medical Research, Canberra. 
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986. The Infra-red Spectra of Methyl Ximenynate and Ximenynyl 
Alcohol. 


By N. H. E. AHLERs and S. P. LIGTHELM. 


THE infra-red spectra of methyl ximenynate and ximenynyl alcohol (Ligthelm and 
Schwartz, J. Amer. Chem. Soc., 1950, 72, 1868; Ligthelm, Schwartz, and von Holdt, /., 
1952, 1088) have been determined by using a Perkin Elmer 12B spectrometer with path 
lengths of ca. 10u and 50 to resolve all absorption maxima in the range 2-5—l5y. The 


compounds were placed undiluted between rocksalt plates. 

The spectrum of methyl ximenynate indicated maxima at 3-48. (C-H stretching vibra- 
tion of CH, and CH, groups), 5-74u (C=O stretching), 6-90 and 7-28. (C-H_ bending 
vibrations of methyl and methylene groups), 4-50u (acetylenic triple bonds), 8-54 and 
9-88u (ester methyl group), 10-47 (olefinic double bond), and 13-86u (deformation vibra- 
tion of the long aliphatic chain). This is similar to the spectra of long-chain fatty esters in 
general (Ahlers, J. Oil Col. Chem. Assoc., 1950, 33, 421) with the addition of a characteristic 
acetylenic band superimposed. In view of the known absorption near 10-33y for the vibra- 
tion of C-H linkages of internal double bonds (RCH—CHR’, where R and R’ are large) in 
a trans-system, the strong band at 10-47 may be indicative of a ¢vans-configuration at the 
olefinic double bond in methyl ximenynate, the wave-length shift (0-l14u) involved being 
due to conjugation with the acetylenic bond. cis-Isomers are relatively transparent in this 
region (Swern, Knight, Schreve, and Heether, J. Amer. Oil Chem. Soc., 1950, 27, 17). 

The spectrum of ximenynyl alcohol resembles that of the methyl ester without the 
absorption characteristics of the carbomethoxy-group; the presence of the hydroxyl group 
is shown by bands at 3-04 (stretching vibration) and 9-48y (bending vibration). 


The authors thank the President and Council of the Research Association of British Paint, 
Colour, and Varnish Manufacturers, and the South African Council for Scientific and Industrial 
Research for their permission to publish this note; also Dr. D. A. Sutton of Pretoria for his 
general advice. 


PAINT RESEARCH STATION, TEDDINGTON, MIDDLESEX. 
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987. The Chemistry of Western Australian Plants. Part VII.* 
Oleanolic Acid Acetate from Eucalyptus calophylla Bark. 
By D. E. Wuite and L. S. ZAmpatrTi. 


In view of the occurrence of triterpene acids in the barks of other Myrtacee (Part VI *; 
Ralph and White, J., 1949, 3433) that of Eucalyptus calophylla R.Br., the common 
‘“‘red-gum’’ or ‘‘ marri’’ of Western Australia, has now been examined, and oleanolic 
acid acetate has been isolated. 

Oleanolic acid acetate was previously found in birch bark (Ruzicka, Frame, Leicester, 
Liguori, and Briingger, Helv. Chim. Acta, 1934, 17, 426) and its weakly acid nature is 
comparable to that of ursolic acid acetate (Jeger, Borth, and Ruzicka, ibid., 1946, 29, 
1999) which was not extracted from an ethereal solution by sodium carbonate or sodium 
hydroxide. 

Experimental.—M. p.s are corrected. Analyses are by Drs. Weiler and Strauss, Oxford. 

Extraction. Dry bark (3-6 kg.) of E. calophylia, collected in the University grounds, was 
powdered and extracted with ether (5 1.) for 2 days. The extract was concentrated, the 
concentrate treated with 5% sodium hydroxide solution, and the insoluble sodium salt (24 g.) 
extracted with benzene for 7 hours. The insoluble residue (14 g.), in methanol (800 ml.) 
(charcoal), was acidified with dry hydrogen chloride. Next morning the solid was collected 
(10 g.) and after 7 crystallisations from methanol formed needles, m. p. 258° alone and mixed 
with authentic oleanolic acid acetate, [«]if +77° (Found: C, 77-1; H, 9-8. Calc. for C,,H,,0, : 
C, 77-1; H, 10-1%). 

On concentration of the ether extract to 200 ml., an amorphous solid (1-1 g.) separated and 
was purified by crystallisation from methanol (charcoal) and decantation from a gel which also 
separated. Seven further crystallisations from methanol gave needles, m. p. 257°, identical 
(mixed m. p.) with the acid obtained above. 

Methyl oleanolate acetate. Oleanolic acid acetate (300 mg.) (both samples) on treatment 
with methyl sulphate and potassium hydroxide formed methyl] oleanolate acetate (210 mg.), 
m. p. 222° undepressed by an authentic sample, [a]? +68°. 

Oleanolic acid. Treatment of oleanolic acid acetate (50 mg.) with boiling 10% alcoholic 
potassium hydroxide (10 ml.) for 2 hours gave oleanolic acid (30 mg.), m. p. 309° undepressed 
by an authentic sample, [a]? + 82°. 

The authors are indebted to Mr. W. J. Dunstan for the authentic samples of oleanolic acid 
and its derivatives. 

UNIVERSITY OF WESTERN AUSTRALIA, NEDLANDS. (Received, July 14th, 1952.) 


988. The Preparation of Substituted Quinones by a New 
Oxidizing Agent. 
By A. G. Brook. 
VARIOUS oxidizing agents have been used for the oxidation of quinols to quinones, e.g., 
metallic oxides (Ag,O, PbO,, MnO,) for very sensitive quinones, stronger reagents such as 
chromic and nitric acids for relatively stable ones (Cason, ‘‘ Organic Reactions,’’ Vol. IV, 
p. 305). In many cases, the yields are low, owing to further oxidation or the difficulty of 
removing the quinone from the acidic medium. 

Yields of >90%, without the formation of by-products, are obtained by use of mixed 
nitrogen oxides, predominantly N,O,, prepared from fuming nitric acid, sulphuric acid, 
and arsenious oxide. Reactions of nitrogen tetroxide with organic compounds have been 
reviewed by Riebsomer (Chem. Reviews, 1945, 36, 157); its use in the oxidation of tetra- 
chloro- and tetrabromo-catechol under more severe conditions wherein the quinone formed 
is further oxidized is described by Zincke (Annalen, 1924, 435, 145). The oxides may be 
kept as a low-boiling liquid (20—30°), and their chief virtue, besides speed and cleanliness 
of reaction, lies in that they can be completely removed from the quinone at the water- 
pump. Results are shown in the Table. Nitrogen oxides are not suitable for the oxidation 


of quinol itself. 
* Part VI, J., 1952, 4065. 
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p-Benzoquinone Yield (%) M. p. Quinone Yield (%) M. p. 
2 : 3-Dicyano 178—180° Tetrabromo-o-benzoquinone 92 148—150° 
5-Chloro-2 : 3-dicyano 9! Tetrachloro-o-benzoquinone 88 131—132 
2 : 3-Dichloro-5 : 6-dicyano... p 3: 3’: 5: 5’-Tetrabromo- 
‘Tetrachloro { 2 diphenoquinone 94 >360 


cr 
9. 


* With decomp. ° Sealed tube. 


Experimental.—Nitrogen oxides were prepared by slow distillation of a mixture of fuming 
(98%) nitric acid (83 ml.), concentrated sulphuric acid (33 ml.), and arsenious oxide (100 g.), 
the red vapour boiling in the range 20—30° being condensed by ice-salt (Friend, ‘‘ Textbook of 
Inorganic Chemistry,’’ Vol. VI, Pt. 1, p. 167). Cautious heating in the early stages of the 
reaction is necessary. The nitrogen oxides were kept in a glass-stoppered bottle at 0° and were 
handled in a pipette as a liquid. 

Oxidation of 2: 3-dichloro-5 : 6-dicyanoquinol. Into a suspension of the finely ground 
quinol (20 g.) in carbon tetrachloride (300 ml.) at room temperature, crude nitrogen oxides 
(6 ml.) were introduced by pipette during 5 minutes, with rapid stirring. Stirring was continued 
for a further 5 min., and the quinone was filtered off and recrystallized from chloroform—benzene. 

The same technique was applied to the other quinols, on scales varying from 0-5 to 50 g. 
Quinones which were soluble in carbon tetrachloride were isolated by evaporation. 


The author is indebted to Professor R. P. Linstead and Dr. E. A. Braude for encouragement 
and advice, and to the Nuffield Foundation for a Travelling Fellowship in Natural Science, 
1951—1952. 


DEPARTMENT OF ORGANIC CHEMISTRY, IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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989. The Magnetic Susceptibility of Urania-Thoria Solid Solutions. 
By J. K. Dawson and M. W. LIsTER. 


THE experimental magnetic moment of quadrivalent uranium in the dioxide, 3-20 Bohr 
magnetons, lies between the extreme theoretical value of 3-58 for a 5f? electron configuration 
with L-S coupling and full orbital contribution, and 2-83, the spin-only value. The 
interpretation of this fact before the results of dilution experiments were available was 
that the electron configuration was 5f? but that there was partial orbital quenching due to 
inefficient shielding by the 6s and 6 electrons (Dawson and Lister, J., 1950, 2181). 
Trzebiatowski and Selwood have published magnetic-susceptibility measurements on 
solid solutions of uranium dioxide in isomorphous, diamagnetic thoria (J. Amer. Chem. 
Soc., 1950, 72, 4504), and at about the same time we also obtained results on this system. 
The two sets of results were in good agreement and the magnetic moment-—composition 
curves have been given previously in a discussion of the corresponding fluoride system 
(Dawson, J., 1951, 2889), but since the solid solutions were made by a method different 
from that of Trzebiatowski and Selwood the results are given in more detail below. 
Extrapolation of the magnetic moment to infinite dilution does not give the value 
3-58 expected for a 5f? configuration, but about 3-0 Bohr magnetons—close to the spin- 
only value. The extrapolated experimental susceptibility at room temperature is 3350 x 
10° compared with the spin-only value for two unpaired electrons of 3410 x 10% (the 
theoretical value for two 5f electrons effectively shielded from external influence by 6s 
and 6 electrons is 5460 x 10%). The agreement of the experimental susceptibility at 
infinite dilution with the spin-only value is similar to that observed in oxides of the transition 
elements, such as Cr,O, and Fe,O, (Selwood, Lyon, and Ellis, J. Amer. Chem. Soc., 1951, 
73, 2310), and is taken to imply a 6d? electron configuration for quadrivalent uranium. 
Experimental.—Uranium dioxide of the same quality as that used in the previous investig- 
ation of the intermediate oxide system (Dawson and Lister, Joc. cit.) was mechanically mixed 
with diamagnetic thorium dioxide. The mixture was compressed into suitably sized pellets 
and the solid solutions were then formed by homogenisation at 2400° in a high-vacuum furnace 
(Alberman, J. Sci. Inst., 1950, 27, 280). It was found that the outsides of the pellets were dark 
owing to tantalum impurity from the furnace; the samples for the susceptibility measurements 
were taken from the insides of the pellets. X-Ray powder photographs showed that solid 
solution had been achieved. It was observed that the colour of the dilute solid solutions was 
l4u 











Notes. 


TABLE 1. Magnetic susceptibilities of UO;-ThO, solid solutions.* 

»% T°,K 10%, 10%vavy) U,% T°, K 10%, 10*yvay) U,% T°,K 10%, 10*yyay, 

100 90 14:77 4043 70 197 3125 4u 197 5-2 3566 
197-5 10-90 2998 293 33! 2503 293 -92 2709 
293 3 2416 334 5°87 2318 327 3°6 2525 
375 “BE 2092 401 51 2055 353 P 2368 
423 7: 1945 197 “2% 3299 397 3-18 2226 
476 5 1828 293 5-6: 2581 417 3: 2107 
525 j- 1686 330-5 5-16 2376 433 2°f 2058 
563 5°73 1607 352-5 f 2284 197 ot 3781 
197 9- 2994 393 “€ 2116 293 2826 
293 74 2424 417 “3S 2034 337 2538 
337-5 2220 f 197 5. 3350 398 2232 
402 1987 293 “7 2618 2032 
493 1725 335°5 . 2382 4072 
197 3109 398 “{ 2188 3014 
293 2498 450 f 1950 2687 
338 2277 2351 
398 5-VE 2060 2139 
448°5 5-47 1900 , 10 3100 

Xz = Gram-susceptibility. 

xvav) = Ionic susceptibility corrected for diamagnetism of cation and anions (calculated by 

Angus’s method, Proc. Roy. Soc., 1932, A, 186, 569). 
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green—the typical uranous colour, in contrast to the dark brown of the pure oxide. The 
susceptibility results are given in Table 1, and the Weiss constants and magnetic moments 
in Table 2 were obtained from the susceptibilities by means of the equation p = 2-831/x(T — A). 


TABLE 2. Magnetic moments and Weiss constants of UO,-ThO, solid solutions. 
( 100 90 80 70 60 50 40 30 20 
233 205 199 196 160 164 129 99 86 
3°20 311 3-14 3-13 3°07 3-10 3-03 2-98 3-02 
This note is published by permission of the Director, A.E.R.E., Harwell. 


A.E.R.E., HARWELL, nr. Dipcot, BERKs. 
CHEMISTRY DEPARTMENT, UNIVERSITY OF TORONTO. Received, July 26th, 1952 





990. A Direct Method for the Preparation of Some «-Chloro-carboxylic 
Esters, and Notes on Other «-Halogeno-carboxylic Esters. 
By A. D. CAMPBELL and D. R. D. SHaw. 


It has been shown by Horn, Miller, and Slater (J., 1950, 2900) that Guest’s method 
(J. Amer. Chem. Soc., 1947, 69, 300), involving the chlorination of alky]-substituted 
malonic acids with sulphury] chloride followed by decarboxylation of the resulting «-chloro- 
alkylmalonic acids, and esterification, is a satisfactory general method for the preparation 
of pure a-chloro-carboxylic esters but because of the large number of steps involved the 
overall yields are not always high. Dice and Bowden (idid., 1949, 71, 3107) prepared 
a-bromo-carboxylic esters by treating the potassium salt of the monoethy] esters of alkyl- 
malonic acids with a solution of bromine in carbon tetrachloride but the yields were not 
high compared with those obtained by direct bromination of the carboxylic acid followed 
by esterification. Chlorine being used in place of bromine, Dice and Bowden’s method 
has now been applied to the preparation of «-chloro-carboxylic esters (II) : 


KOH cl, 
CHR(CO,Et), ———> CHR(CO,K)(CO,Et) —-> CHRCI-CO,Et 
(I) (II) 

The potassium salts of monoethyl esters of alkylmalonic acids (I) were prepared 
according to Freund (Ber., 1884, 17, 780) by adding the calculated quantity of ethanolic 
potassium hydroxide to a solution of diethyl alkylmalonate in absolute ethanol. Very 
little of the alcohol-insoluble dipotassium salts was obtained. Walker (J., 1892, 61, 696) 
used sufficient dilute ethanolic potassium hydroxide to half-hydrolyse only part of the ester 
in order to prevent the formation of dipotassium salts, but this method was found to be 
unnecessarily tedious. 

Sulphuryl chloride was initially used as the chlorinating agent but only low yields 








Notes. 


(30% or less) of «-chloro-carboxylic esters (II), boiling over a wide range, were obtained. 
a-Chloro-carboxylic esters were, however, prepared in fair yield by using chlorine in carbon 
tetrachloride. As shown in the table, the method is particularly suited for the preparation 
of a-chloro-carboxylic esters of intermediate chain length: the shorter-chain esters are 
probably more conveniently prepared by direct chlorination of the acid or acid chloride 
(Wolffenstein and Rolle, Ber., 1908, 41, 733), and for the longer-chain esters Guest’s method 
(loc. cit.) is undoubtedly superior. The low yields of 2-chlorodecanoic * and 2-chloro- 
dodecanoic esters are possibly due to hydrolysis of intermediates by traces of water 
remaining in the potassium salts which, for these higher members, had a soft wax-like 
consistency and were extremely difficult to dry. This is supported by the identification of 
non-chlorinated carboxylic esters in the reaction products. Although 2-bromohexanoic 
acid was obtained in good yield (67%), the same reaction when similarly applied to the 
synthesis of 2-bromododecanoic acid gave a low yield (11%). 
Ethyl a-chloro-ester .... Butyrate Hexanoate Octanoate Decanoate Dodecanoate 
52 54 20 16 
a-Iodo-carboxylic esters were prepared directly in the case of ethyl «-iodobutyrate and 
ethyl 2-iodohexanoate by refluxing the corresponding potassium salt of the ethyl hydrogen 
alkylmalonate with iodine in dry benzene after the method of Oldham and Ubbelohde 
(J., 1941, 368) who prepared alkyl iodides from the salts of carboxylic acids. The yields 
were not high and the method does not appear to be satisfactory for the general preparation 
of «-iodo-carboxylic esters. Ethyl 2-iodohexanoate and ethyl 2-iodododecanoate were 
prepared in almost quantitative yield by refluxing gently the corresponding «-bromo- 
carboxylic esters with an equivalent quantity of sodium iodide in acetone (Finkelstein, 
Ber., 1910, 48, 1528). 


Experimental.—x-Chloro-carboxylic esters. A typical experiment was as follows. Diethyl 
butylmalonate (21-6 g., 0-1 mol.) was dissolved in absolute ethanol (100 c.c.), and ethanolic 
potassium hydroxide (0-1 equiv. in 48 c.c.) was added dropwise (} hour) with stirring. After 
6 hours at room temperature ethanol was removed on a water-bath, finally under reduced 
pressure for 2 hours. The remaining white solid was dried in a vacuum-desiccator for 48 hours. 
Chlorine (7+1 g.) in carbon tetrachloride (60 c.c.) was added, during 4 hours with stirring and 
cooling in ice, to the potassium salt suspended in dry carbon tetrachloride (100 c.c.). After 
removal of about half the carbon tetrachloride on a water-bath, the residue was cooled, washed 
with water, dried, and distilled to give ethyl 2-chlorohexanoate (10-6 g.), b. p. 92—93°/15 mm 
(Found: Cl, 19-7. Calc. for C,H,,0,Cl: Cl, 19-8%). A portion of the ester was hydrolysed to 
the acid and converted into the amide, m. p. 58° (Horn, Miller, and Slater, loc. cit., give m. p. 
57-8—58-2°). 

Ethyl 2-iodohexanoate. (a) A solution of sodium iodide (15 g.) in acetone (50 c.c.) was added 
to ethyl 2-bromohexanoate (11-2 g.), and the mixture was gently refluxed on a water-bath for 
1 hour. About two-thirds of the acetone was distilled off, and the residue was washed with 
water and mercury, dried, and distilled to give ethyl 2-iodohexanoate (12 g.), b. p. L11— 
114°/15 mm. (Found: C, 35-5; H, 5-7; I, 46-7. C,H,,O0,I requires C, 35-5; H, 5-5; I, 47-0%). 
A portion of the ester was refluxed with sodium hydroxide to give, on acidification, 2-hydroxy- 
hexanoic acid, m. p. 59-5—60-5° (Blaise and Picard, Ann. Chim., 1912, 26, 282, give m. p. 
60—61°). 

(b) Iodine (25-4 g.) and dry benzene (300 c.c.) were added to the potassium salt of ethyl 
hydrogen butylmalonate (0-1 mol.; prepared as described above) and the mixture was refluxed 
for 3 hours. The cooled, filtered solution was washed quickly with dilute sodium hydroxide, 
dried, and distilled to give the ester (8-2 g.), b. p. 118—120°/20 mm. A portion on hydrolysis 
gave the hydroxy-acid, m. p. 60°. 

Ethyl 2-iodododecanoate, prepared from ethyl 2-bromododecanoate similarly to (a) above, 
had b. p. 167°/5 mm., 122°/1 mm. (Found: C, 47-1; H, 7-3; I, 35-8. C,,H,,O,I requires 
C, 47-5; H, 7-6; I, 359%). Refluxing with sodium hydroxide followed by acidification gave 
the hydroxy-acid, m. p. 73° (Guerin, Bull. Soc. chim., 1903, 29, 1124, gives m. p. 74°). 

The authors acknowledge the receipt of grants from the Mellor Research Fund for apparatus 
and from the University of New Zealand for chemicals. One of them (D. R. D. S.) acknowledges 
the tenure of the Sir George Grey Scholarship and a Science Bursary. 
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991. 2-Hthylpyridine as a Constituent of Coal-tar Bases. 
By A. B. DENsHAM, D. J. LANGsToN, and A. J. Srmpson. 


CouLtson, HALEs, HOLT, and Ditcuam (J. Appl. Chem., 1952, 2, 71) have found 3-ethyl- 
pyridine in coal-tar bases, and comment on the absence of 2-ethylpyridine. We have 
now found 2-ethylpyridine in a ‘‘ commercial $-picoline ’’ fraction which boiled at 144-5° 
in the plant still. 


Experimental.—This fraction was redistilled in a 60-plate laboratory column. The sub- 
fraction boiling at 147-6—149-5° was analysed for 2-ethylpyridine by infra-red spectroscopy in 
a paraffin solution (Densham, Langston, and Gough, J., 1952, 2433) by using the 13-42 uw band. 
It was found to contain approx. 65% of 2-ethylpyridine and 25% of y-picoline with small 
amounts of $-picoline and 2: 6-lutidine. This sub-fraction was treated with picric acid in 
alcohol in three stages. The picrate from the middle stage, after three recrystallisations from 
alcohol, had m. p. 106-5° compared with 108° for pure 2-ethylpyridine picrate (Brown and 
Murphey, J. Amer. Chem. Soc., 1951, 73, 3308). Further recrystallisation from alcohol and 
benzene did not alter the m. p. The free base was liberated with sodium hydroxide, steam- 
distilled, extracted with ether, dried (Na,SO,), and distilled. The b. p. was 148-7°, which 
agrees with Brown and Murphey’s figure for 2-ethylpyridine. The infra-red absorption 
spectrum agreed precisely with that of 2-ethylpyridine except for a small additional band at 
8-9 u possibly due to residual ether. 

Pure 2-ethylpyridine of b. p. 148-7°, giving a picrate melting at 108—108-7°, was prepared 
by Gregg and Craig’s method (J. Amer. Chem. Soc., 1948, 70, 3138). The reduction can be 
carried out at 25 lb./sq. in. in glass. The infra-red spectrum shows a strong band, useful for 
analysis, at 13-34 u in the pure base or a mixture of bases, which shifts to 13-42 » in CS, or 
paraffin solution. 

In order to find how much 2-ethylpyridine is present in coal-tar bases, crude unfractionated 
pyridine was fractionated in a 60-plate laboratory column. The fraction (3-5%), 144-5—153°, 
was analysed by infra-red absorption spectroscopy and found to contain 9% of 2-ethylpyridine. 
Thus the total amount of 2-ethylpyridine present is about 0-3% of the crude pyridine. In the 
above fractionation 11-5% distilled between 145° and 173°, corresponding to Coulson’s broad 
lutidine—collidine fraction. On this basis the figures reported by Coulson ef al. for the 3-ethyl- 
pyridine content correspond to 0-35% of 3-ethylpyridine in crude unfractionated pyridine, that 
is, much the same as the content of 2-ethylpyridine. 

The authors thank Mr. K. G. Haig of the North Thames Gas Board Products Works for 
the commercial samples, Mr. W. J. Gooderham for the fractionations, and Dr. E. A. Coulson 
of the Chemical Research Laboratory for advice. This Note is published by permission of the 
North Thames Gas Board. 


FULHAM LABORATORIES, NORTH THAMES Gas BOoarpD, 
Kinc’s Roap, FuLuHam, S.W.6. Received, August 7th, 1952.) 





992. Bromination of 2-Methylnaphthalene. 
By N. B. CHAPMAN and J. F. A. WILLIAMs. 


NEEDING a 2-naphthylmethyl halide for preparative work, we found photochlorination to 
give mainly tar (cf. Tarbell, Fukushima, and Dam, J. Amer. Chem. Soc., 1945, 67, 197), 
whereas catalysed bromination is stated (Hall and Mitchell, J., 1951, 1375) to give 1- 
bromo-2-methylnaphthalene and photo-bromination at 240—260° (Campbell, Anderson, 
and Gilmore, J., 1940, 820), to give only a 22% yield of the required product. For the 
action of N-bromosuccinimide on 2-methylnaphthalene in boiling carbon tetrachloride, we 
found the conditions given by Buu-Hoi unsatisfactory (Annalen, 1944, 556, 1). Early 
experiments in which larger volumes of carbon tetrachloride were used gave us high yields 
of 2-naphthylmethyl bromide but repetition of these resulted in high yields of 1-bromo- 
2-methylnaphthalene, indicating the incidence of adventitious catalysis. Systematic 
investigation revealed that the critical factor was the purity of the N-bromosuccinimide. 
If this was prepared by the method given by Shirley (‘‘ Organic Intermediates,’’ John 
Wiley and Sons, Inc., New York, 1951, p. 59) and washed free from bromine, it then had to 
be purified by being kept at 0-5 mm. over phosphoric oxide for 8 hours; immediate use of 
this pure material gave a 95% yield of crude 2-naphthylmethyl bromide suitable for pre- 
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parative work. Aged specimens had to be pumped out at 0-5 mm. for 8 hours (phosphoric 
oxide unnecessary) and used at once if side-chain bromination was to be achieved, in- 
dicating that a volatile catalytic impurity, was slowly generated on storage. If this 
impurity was removed, the course of the reaction was uninfluenced by irradiation with 
visible light or by the addition of small amounts of water, although washing of N-bromo- 
succinimide purified as above with water just before use was deleterious. 

If volatile impurities were not removed, nuclear bromination predominated, even when 
N-bromosuccinimide recrystallised from water was used. Irradiation with visible light or 
addition of benzoyl peroxide did not inhibit nuclear bromination, whereas addition of 
water did to some extent, indicating that ionisation and inactivation of the catalytic 
impurity may have occurred and suggesting that possibly the volatile impurity was un- 
ionised hydrogen bromide. With a specimen of N-bromosuccinimide purified by pumping, 
addition of 0-05°% (wt.) of hydrogen bromide roughly halved the yield, but with larger 
amounts (0-5%) no diminution in yield occurred. It therefore seems probable, but not 
certain, that traces of hydrogen bromide constitute the catalytic impurity. 

2-Naphthylmethyl bromide is thermally unstable and prone to decomposition during 
distillation : we have usually determined yields by determining the ‘‘ mobile ’’ bromine, 
but crystailine 2-naphthylmethyl bromide may be isolated, with some 30% loss, by rapid 
distillation at 16 mm. and crystallisation from ethanol. 

The successful photobromination at 20° of toluene mixed with naphthalene in carbon 
tetrachloride as solvent to give benzyl bromide (Mayo and Hardy, J. Amer. Chem. Soc., 
1952, 74, 911) prompted us to try to improve the yields obtained by Campbell e¢ al. (loc. 
cit.). Irradiation with a 500-w bulb of a 1-5M-solution of 2-methylnaphthalene in boiling 
carbon tetrachloride and dropwise addition of bromine (0-5 mol.) gave crude 2-naphthyl- 
methyl bromide in 75—80% yield. Photolysis of the bromine probably occurred in the 
mixed vapours, for rapid addition of bromine, with high concentrations in the liquid 
phase, appeared to cause a fast ‘‘ dark ’’ side reaction yielding no 2-naphthylmethyl bromide. 


EXPERIMENTAL. 

Materials.—Commercial 2-methylnaphthalene was fractionated through a 9” Fenske column 
with a variable-temperature vapour-jacket. Pure carbon tetrachloride was dried azeotropic- 
ally and redistilled. N-Bromosuccinimide was prepared as stated previously. Pure bromine 
(May and Baker, Ltd.) was used. 

Results.—Selected experiments are summarised in the Table. The reactions were usually 
carried out by allowing 0-5 equiv. of N-bromosuccinimide to react with 4-0 g. of hydrocarbon in 
15 c.c. of boiling carbon tetrachloride for 25 hours. Yields were determined by treatment of the 
reaction product with an excess of standard methanolic silver nitrate and back-titration with 
ammonium thiocyanate solution. 

N-Bromosuccinimide pumped free from N-Bromosuccinimide not exposed to a 
volatile impurity vacuum 
Conditions Yield (%) * Conditions Yield (%) * 

(a) Freshly prepared sample, dry, ~94 (a) Freshly prepared sample, dry, 5 

light or dark light 
(6) As for(a); 5 drops of water added ~95 (b) As for (a); trace of benzoyl] per- 

oxide added 

(c) As for (a); sample washed with ~ 5 (c) As for(a); 5 drops of water added 

water before use, light or dark 
(d) Aged specimen. In (ii) same (i) ~90 

sample used as in (e) (ii) ~70 
(e) As for (d), (i) 005% of HBr (i) ~35 

added; (ii) 0-5% of HBr added (li) ~70 


* + 3%. 


Typical Preparations.—N-Bromosuccinimide method. To 2-methylnaphthalene (64 g., 
2 mol.) in carbon tetrachloride (300 c.c.) was added purified N-bromosuccinimide (44 g., 1 mol.), 
and the mixture heated at the b. p. with stirring (25 hours). After cooling, the solid (succinimide) 
was filtered off, the carbon tetrachloride removed, the residue rapidly fractionated at 16 mm., 
to remove excess of 2-methylnaphthalene (b. p. 108°/16 mm.), and the product (yield, 95%) 
rapidly distilled (b. p. 150—170°/160 mm.) and recrystallised from ethanol [m. p. 54° (lit., 
54°, 56°); yield 65%). 
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Photobromination. Bromine (17 g., 1 mol. ) in carbon tetrachloride (200 c.t.) was added 
dropwise during 9 hr. to a stirred solution of 2-methylnaphthalene (64 g., 2 mol.) in carbon 
tetrachloride (300 c.c.) at the b. p. and irradiated with a 500-w bulb. After the copious evolu- 
tion of hydrogen bromide had ceased, the mixture was worked up as before, the yield of crude 
product being 75—80%. 

We thank the Medical Research Council for a grant for scientific assistance to one of us 
(N. B. C.), Imperial Chemical Industries Limited for a grant for microanalyses and materials, 
and Mr. J. W. James, B.Sc., for some of the early experiments. 

THE UNIVERSITY, SOUTHAMPTON. [Received, August 14th, 1952.) 





993. The Bromination of Aceto--naphthalide. 
By F. BELL. 


LELLMANN and Scumipt (Ber., 1887, 20, 3154) and subsequently Morgan (J., 1900, 
77, 819) described the bromination of aceto-$-naphthalide in acetic acid to give aceto-1- 
bromo-2-naphthalide; however, the main product under the conditions given is the 
hydrobromide, distinguished from aceto-l-bromo-2-naphthalide by its sparing solubility 
in cold chloroform. Bromination of aceto-$-naphthalide in chloroform gives this hydro- 
bromide in almost pure condition (Franzen and Eidis, J. pr. Chem., 1913, 88, 760; 
Whitehurst, J., 1951, 230). 

Mannino and Di Donato (Gazzetta, 1908, 38, ii, 31), by addition of aceto-8-naphthalide 
to a mixture of hydrobromic and nitric acids, obtained a compound which they regarded 
as the tribromo-derivative; it was hydrolysed to a base, m. p. 125°, clearly different from 
1 : 3 : 6-tribromo-2-naphthylamine, m. p. 143°. 

Meldola (J., 1883, 48, 8) by long warming of an acetic acid solution of aceto-1-bromo-2- 
naphthalide with bromine (1 mol.) obtained a compound, m. p. 138°, regarded as acetotetra- 
bromo-2-naphthalide, which was unchanged after heating with ‘‘ syrupy potash’’ for 
3 days. 

Neither of these results accords with the well-known difficulty of introducing further 
substituents into acylated §-naphthylamines already substituted in position 1. On 
repetition of the experiments we found that in each case the primary product was aceto- 
1 : 6-dibromo-2-naphthalide hydrobromide. This compound is analytically almost 
indistinguishable from acetotribromo-2-naphthalide and yields on hydrolysis 1 : 6-di- 
bromo-2-naphthylamine, m. p. 123° (Mannino and Di Donato did not analyse the 
compound, m. p. 125°, which they assumed to be a tribromo-base). The description of 
Meldola’s acetotetrabromo-2-naphthalide (Calc.: Br, 63-9°%) accords closely with that 
of 1:3: 6-tribromo-2-naphthylamine (Calc.: Br, 63-1%) and it is significant that all 
known halogenated acetonaphthalides can be easily hydrolysed to the corresponding 
naphthylamines whereas Meldola’s compound was completely resistant. 

In unsuccessful attempts to brominate aceto-1 : 6-dibromo-2-naphthalide further it 
was noticed that up to 13% of bromine was readily taken up to give a product stable in air 
and only surrendering bromine on being boiled with water, treated with aqueous ammonia 
or shaken in chloroform with potassium iodide. Similar bromine adsorption products 
(or loose additive compounds) were formed by aceto-1-chloro-, -1-bromo-, and -6-bromo- 
1-chloro-2-naphthalides. 


It is concluded that the tribromination and tetrabromination of $-acetonaphthalide 
have not so far been achieved. 


Experimental.—Bromination of aceto-1-bromo-2-naphthalide. Bromine (1-6 g.) in chloroform 
(3 c.c.) was added to the naphthalide (2-6 g.) in chloroform (15 c.c.), and the mixture kept over- 
night. No change in appearance was noted but when the solution was scratched a bright 
orange powder separated. This appeared to be the hydrobromide of aceto-1 : 6-dibromo-2- 
naphthalide with adsorbed, or loosely combined, bromine. The bromine was not removed 
by shaking with light petroleum, and only very incompletely by boiling water. When the 
chloroform solution was shaken with potassium iodide, iodine was liberated equivalent to 
Br, 13-1, 13-294. Decomposition with dilute potassium hydroxide solution gave pure aceto- 
1 : 6-dibromo-2-naphthalide; the filtrate with silver nitrate gave silver bromide equivalent to 
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HBr, 23-7% (Calc. for C,,H,ONBr,,HBr: HBr, 19-1. Calc. for C,,H,ONBr,,HBr,Br,: Bry, 
27-4%). Use of 2 mols. of bromine in the reaction led to no essential change in the nature 
of the product, nor did use of acetic acid in place of chloroform as a solvent. 

Bromination of aceto-B-naphthalide {method of Mannino and Di Donato). On addition of 
the naphthalide (9 g.) to a mixture of hydrobromic acid (20 c.c.; d 1-48) and nitric acid (6 c.<c. ; 
d 1-40) there was a brisk reaction. When this had subsided the mixture was heated on a steam- 
bath for 1 hour, diluted with water, and filtered. The product, after crystallisation from 
acetic acid to remove resinous material, gave 9—10 g. of the hydrobromide of aceto-1 : 6-di- 
bromo-2-naphthalide, rather indefinite decomp. 220—230°. 

Attempted bromination of aceto-1 : 6-dibromo-2-naphthalide. (a) Bromine (1 g.) in acetic acid 
(4 c.c.) was added to the compound (2 g.) in hot acetic acid (25 c.c.), and the solution left on a 
steam-bath for 5 hours. The deposit was similar to that obtained in (b). (6) As for (a), but 
chloroform was used as solvent. The deposit (2-2 g.), m. p. 165—195° (decomp.), when warmed 
with water evolved bromine (9-0, 12-0, 12-8%, with different samples) and with dilute aqueous 
ammonia gave pure aceto-1 : 6-dibromo-2-naphthalide. 

Bromination of aceto-\-chloro-2-naphthalide. (a) Bromination of 2-5 g. in cold acetic acid 
(20 c.c.) yielded aceto-6-bromo-1-chloro-2-naphthalide hydrobromide (3-2 g.), colouied yellow by 
loosely held bromine (Found: HBr, as AgBr: 24-7. C,,H,ONCIBr,HBr requires HBr, 
21-4%). Decomposition with ammonia or by dissolution in pyridine gave pure aceto-6-bromo- 
1-chloro-2-naphthalide, m. p. 222° (Armstrong and Rossiter, Chem. News, 1891, 63, 137, give 
216° and do not mention the intermediate formation of the hydrobromide). 

(b) Bromine (2-5 g.) in chloroform (4 c.c.) was added to the compound (3 g.) in chloroform 
(20 c.c.). There was no immediate reaction but after 2 days large, orange-red crystals (3-0 g.), 
m. p. 200° (decomp.), had separated. This material was similar to that under (a) and evolved 
2—6-3% of bromine with boiling water. The experiment was repeated but with a two-fold 
quantity of bromine; the product, in chloroform solution, with potassium iodide gave iodine 
equivalent to Br, 19-4% (Calc. for C,,H,ONCIBr,HBr,Br,: Br, 29-6%). All the products with 
alkali gave aceto-6-bromo-1-chloro-2-naphthalide. 

Chlorination of aceto-2-naphthalide. Clemo and Legg’s process (J., 1947, 543) yields variable 
results. The average yield was 5 g. of the 1 : 4-dichloro-derivative from 20 g. of the starting 
material (in one experiment the first crop consisted of the hydrochloride of this compound) and 
it was not possible to recover any of the initial material (cf. Claus and Philipson, J. pr. Chem., 
1891, 43, 58). 


The author is indebted to Dr. J. Sandilands for the bromine determinations. 
HERIOT-WaTt COLLEGE, EDINBURGH. [Received, August 25th, 1952.) 





994. Three Stereochemical Notes. 
By F. BELL. 

(a) It was hoped to resolve an isomer of 6: 7-diphenyl-5 : 8-diaza-l : 2-3 : 4-dibenzo- 
cyclooctatetraene-2’ : 2’’-dicarboxylic acid (Bell, J., 1952, 1527) with the carboxyl groups 
external to the diphenyl system. The following observations were made during unsuccess- 
ful attempts to prepare such compounds. 

(0) Evans and McGookin (J. Appl. Chem., 1951, 1, 26) reported that 2-amino-4-nitro- 
toluene yields with succinic anhydride a mixture of two isomers (II), one forming colourless 
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(IV) R = CO,Et 
(IT) (IIL) (V) R = CO,H 
plates, m. p. 227°, and the other more soluble yellow needles, m. p. 176°. A possible ex- 
planation appeared to be restricted rotation about the N-pheny] linkage, occasioned by 
non-planar arrangement of the three valencies of nitrogen. It was decided to examine the 
succinoylation of some other bases, and it soon became probable, from our experiments 
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that these compounds were not isomeric and Dr. McGookin (personal communication) 
confirms this. 

(c) Although it is usually assumed that the groups attached to an olefinic linkage lie in 
one plane, the ready production of dianthronylidenes (III) and related compounds (Berg- 
mann and Loewenthal, Bull. Soc. chim., 1952, 66, 266) shows that this is by no means 
necessarily so. Many molecules of this type must exhibit dissymmetry. Even in difluor- 
enylidenes the interference between the hydrogen atoms marked * in (IV) may suffice to 
give the molecule permanent non-planarity (cf. Fenimore, Acta Cryst., 1948, 1, 295), and 
suitable derivatives might be resolvable. With this in view, 9 : 9’-difluorenylidene-4 : 4’- 
dicarboxylic acid (V) was prepared but proved too highly coloured for polarimetric 
observations. 


Experimental.—(a) o-Tolil and 2: 2’-diaminodiphenyl did not interact at 210° during 20 
minutes, although o-tolil condensed quite readily with o-phenylenediamine in acetic acid to give 
the quinoxaline, almost colourless prisms, m. p. 135° (Found: N, 8-5. C,.H,,N, requires N, 
9-0%), dissolving in concentrated sulphuric acid with a deep red colour. 

p-Tolil and 2: 2’-diaminodiphenyl were heated together at 210° and the resultant plastic 
mass crystallised from acetic acid. 6 : 7-Di-p-tolyl-5 : 8-diaza-1 : 2-3 : 4-dibenzocyclooctatetraene 
(I) crystallised from o-dichlorobenzene as sulphur-yellow crystals, m. p. 261° (Found: C, 86-3; 
H, 5-6. C,,H,.N, requires C, 87-1; H, 5-7%), yielding, like all the compounds of this type, a 
pale yellow solution in concentrated sulphuric acid. It was not found possible to oxidise the 
methyl groups without bringing about total decomposition of the molecule. Attempted 
resolution by selective adsorption on cellulose or lactose was unsuccessful. 

(6) 2-Bromo-5-nitroaniline gave a uniform succinoyl derivative, needles, m. p. 204°, from acetic 
acid (Found: N, 9-8. C,,H,O,N,Br requires N, 9-4%), but 4-bromo-2-nitroaniline with succinic 
anhydride (equal weight) at 160° (2 hours) gave a succinoyl derivative, sparingly soluble in acet- 
one, and a hydrogen succinamide, readily soluble in acetone. The former crystallised from acetic 
acid in prisms, m. p. 180—182° (Found: N, 9-6. C,,H,O,N,Br requires N, 9-4%), the latter 
in yellow needles, m. p. 164° (Found: N, 8-9. C,,H,O;N,Br requires N, 8-8%), easily soluble in 
cold, aqueous sodium carbonate and reprecipitated by hydrochloric acid. 

(c) The residue, after removal of excess of thionyl chloride from a solution of fluorenone-4- 
carboxylic acid in this reagent, was treated with phosphorus pentachloride as described by Graebe 
and Aubin (Annalen, 1888, 247, 280). The resultant dichloro-derivative, m. p. 103° (Graebe 
and Aubin give m. p. 95°) with cold absolute ethanol furnished the crystalline ester, m. p. 103° 
(large depression with acid chloride), in good yield. This ester (6 g.), copper powder (12 g.), 
and benzene (50 c.c.) were boiled under reflux for 2 hours and filtered hot. Bright red crystals 
of ethyl 9 : 9’-difluorenylidene-4 ; 4’-dicarboxylate (IV), m. p. 248°, separated on cooling (Found : 
C, 81-3; H, 5-2. C3,H,,O, requires C, 81-4; H, 5-1%). This compound is very stable and can 
be sublimed. 1 G. in alcohol (20 c.c.) was hydrolysed by potassium hydroxide (2 g.) in water 
(2 c.c.) for 2 hours on a steam bath. Hydrochloric acid precipitated 9 : 9’-difluorenylidene- 
4 : 4’-dicarboxylic acid, red needles (from ethanol), m. p. 319° (sinters at 305°) (Found: C, 80-4; 
H, 41. C,,H,,O, requires C, 80-8; H, 3-9%), readily soluble in sodium carbonate to give an 
intense orange-red solution. When this solution was kept for some weeks the acid decomposed 
completely to fluorenone-4-carboxylic acid. 


HERIOT-WatTT COLLEGE, EDINBURGH. (Received, August 28th, 1952.) 





995. Some Reactions of 5-Aminoacridine and Related Compounds. 
By E. P. Taytor. 

DURING an investigation of the synthesis and pharmacological properties of certain bis- 
quaternary ammonium salts, it appeared possible that basically substituted bisacridinium 
salts might prove of interest. Accordingly, decamethylene di-iodide was heated in solution 
with (a) 5-aminoacridine, (b) 5-acetamidoacridine, or (c) 5-diacetylaminoacridine. From 
(a), 5-aminoacridine hydriodide was obtained (average yield 83°), together with a small 
amount of an unidentified substance; (6) and (c) gave acridone, identified by conversion 
into 5-p-diethylaminophenylacridine (this decomposition occurred in alcohol or dioxan, but 
not in ethyl methyl ketone). Similarly 5-acetamido-3-methylacridine gave 3-methy]l- 
acridone. It was found that 5-acetamidoacridine was not decomposed by refluxing it in 
alcohol alone or in an alcoholic solution of potassium iodide. 
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The results are summarised in the Table. 


Solvent * Solutes t¢ Main product Yield (%) t 
EtOH 5-Acetamidoacridine > (CH) 19"! (1 mol.) Acridone 
5-Acetamidoacridine 


o KI (2 mols.) 
; 5-Acetamido-3- methylacridine I- (CHs)ie” I (1 mol.) 3-Methylacridone 
“ 5-Diacetylaminoacridine Acridone 
Dioxan 5-Acetamidoacridine o ” 
COMeEt m a 5-Acetamidoacridine 
Pa 5-Aminoacridine * 5-Aminoacridine hydriodide 
PhNO, 5-Acetamidoacridine 


* 210 hours at the b. p., but at 180° in the last case. + 3 Mols. of acridine derivative. 
} Average of at least two experiments. § Based on decamethylene di-iodide. 


Experimental.—Microanalyses are by Drs. Weiler and Strauss, Oxford. M. p.s are uncor- 
rected. 

5-Acetamidoacridine (1 g., 3 mols.), decamethylene di-iodide (0-55 g., 1 mol.), and an- 
hydrous industrial alcohol (45 ml.) were heated under reflux for 210 hours. After about 30 hours, 
the solution, which had changed from pale yellow to deep orange, began to deposit yellow 
needles. After cooling, filtration, and washing with alcohol, the dried residue (0-72 g.) consisted 
of practically pure acridone, m. p. >330° (lit., ca. 350°) (Found, on a recrystallised sample : 
C, 79-65; H, 4-6; N, 7-2. Calc. for C,,H,ON: C, 80-0; H, 4-65; N, 7-2%). Phosphorus 
oxychloride and diethylamine (Ullmann, Bader, and Labhardt, Ber., 1907, 40, 4796) gave 
5-p-diethylaminophenylacridine, m. p. 197° (as recorded) (almost 100%). 

Heating 5-acetamido-3-methylacridine (Wilkinson and Finar, J., 1946, 116) with alcoholic 
decamethylene di-iodide gave 3-methylacridone, m. p. 334° (Gleu and Nitzsche, J. pr. Chem., 
1939, 153, 218, give m. p. 335°) (Found: C, 80-05; H, 5-2; N, 6-8. Calc. for C,,H,,ON: C, 
80-4; H, 5-3; N, 6-7%). 

5-Aminoacridine (1 g., 3 mols.), decamethylene di-iodide (0-68 g., 1 mol.), and ethyl methyl 
ketone (25 ml.) were heated under reflux. Orange crystals commenced to separate after an 
hour. After 210 hours’ heating, the mixture was cooled. Filtration, washing with ethyl methy] 
ketone, drying, and repeated extraction with boiling alcohol gave a deep purple-red, unidentified 
residue (0-1 g.) (Found: C, 67-0; H, 11-4; N, 4-0; I, 168%). This substance was also insoluble 
in boiling water. The alcoholic extract was concentrated to 10 ml. and treated with ether. 
5-Aminoacridine hydriodide separated as a yellow powder (0-9 g.), forming long yellow needles, 
m.:p. ca 340°, from water (Found: C, 48-5; H, 3-4; N, 8-55; I, 39-5. C,,H,,N,I requires 
C, 48-45; H, 3-4; N, 8-7; I, 39-4%). 

I thank Mr. W. C. Austin for technical assistance, and the directors of Messrs. Allen and 
Hanburys Ltd., for permission to publish this work. 


RESEARCH Division, ALLEN AND HANBURYS LTD., 
Ware, HERTs. (Received, August 29th, 1952 





996. Trifluoroacetaldehyde. 

By F. Brown and W. K. R. MusGRAVE. 
TRIFLUOROACETALDEHYDE has been prepared from the nitrile by lithium aluminium 
hydride (Henne, Pelley, and Alm, J. Amer. Chem. Soc., 1950, 72, 3370) and from 1: 1 : 1- 
trifluoropropane by oxidative nitration (Shechter and Conrad, ibid., p. 3371), both methods 
involving several stages and unsatisfactory yield. The former authors failed to prepare 
the aldehyde by routine methods, and we too have failed to make it from trifluoro- 
acetanilide; but we obtained good results in the reduction of the acid chloride by 
Rosenmund’s method using, with slight modifications, Fréschl and Danoff's technique 
(J. pr. Chem., 1936, 144, 217). The products were fluoral, fluoral hydrate, a waxy polymer 
similar to that described by Shechter and Conrad (loc. cit.), and a small amount of material, 
probably polymeric, which distilled unchanged. The fluoral hydrate was probably 
produced from the small amount of water which is retained in the asbestos used for 
carrying the catalyst even though this is baked thoroughly before use. No trifluoroethy] 
alcohol was isolated (cf. Henne et al., loc. cit.). The failure of these workers to obtain the 
aldehyde may have been due to use of slightly impure reagents, a point which is stressed 
by Fréschl and Danoff (loc. cit.) who claim that traces of phosphorus or sulphur compounds 
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cause an uncontrollable change in the functioning of the catalyst. Other workers (Zetsche 
and Arnd, Helv. Chim. Acta, 1925, 8,591; 1926, 9, 173) state that, in liquid-phase reactions, 
traces of phosphorus compounds act as inhibitors. 


Experimental.—Trifluoroacetyl chloride was prepared from the acid and benzoy! chloride 
(Henne, Alm, and Smook, J. Amer. Chem. Soc., 1948, 70, 1968) so as to obtain it free from 
traces of phosphorus compounds. 

Trifluoroacetaldehyde. Hydrogen (14 1./hr.) was purified and dried (Fréschl and Danoff, 
loc. cit.) and passed over the surface of liquid trifluoroacetyl chloride (11 g.) in a graduated tube 
cooled to —78°. By gradually lowering the cooling bath the acid chloride was vapourised during 
1 hour, the mixture of hydrogen and vapour being passed through a preheater at 170° and 
into a Pyrex tube (36” x 0-7”) packed with palladised asbestos (Pd 2.8%). The temperature 
of the catalyst was kept at 250° by winding a heating element directly on to the tube, and the 
exit gases were passed through two traps at —78° and then water containing methyl-orange. 
After all the acid chloride had vapourised, the stream of hydrogen was continued for 1 hour. 
A white solid (6 g.) collected in the first trap, and titration of the hydrochloric acid in the water 
trap showed that 61% had collected there during this stage. The product was allowed to warm 
to room temperature, at which it liquefied, and a slow stream of nitrogen was bubbled through 
it. Trifluoroacetaldehyde (1 g., 12-7%) was condensed at —78°, and hydrogen chloride, 
accounting for a further 30% of the theoretical amount, passed on to a water trap. After 
redistillation, the fluoral (Found: F, 58-0. Calc. for C,HOF,: F, 58-17%) reduced ammoniacal 
silver nitrate and, when bubled through 2: 4-dinitrophenylhydrazine in 6N-sulphuric acid, 
gave the dinitrophenylhydrazone, m. p. 150° (Found: F, 20-4. Calc. for C,H,O,F,;N,: F, 
20-5%). On access to damp air, it slowly formed fluoral hydrate (sublimed at 50°). 

The residue, after removal of the fluoral from the original product, was a waxy brown solid 
at room temperature, but when this polymer was heated to 40—45° it slowly decomposed to 
fluoral (3-1 g.) which had the properties recorded above and formed fluoral hydrate (sublimed 
at 50°) (Found: F, 49-1. Calc. for C,H,O,F,: F, 49-2%). 

Most of the solid residue after removal of the polymer was fluoral hydrate (1-1 g.), which 
sublimed at 50° (Found: F, 49-2%), gave a 2: 4-dinitrophenylhydrazone, m. p. 150°, and left 
a dark liquid (0-2 g.) (Found: F, 49-0%) which distilled unchanged at 110° (bath-temp.). 

The overall yield of fluoral and fluoral hydrate was 64%. 


One of us (F. B.) thanks the Department of Scientific and Industrial Research and the 
Northumberland Education Committee for maintenance grants. 
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997. The Reduction of 3-Chlorophthalic Acid and of its Three 
Methyl Esters. 


By R. F. Brrp and E. E. TURNER. 


DvuRING an investigation for which we required 3-chloro-o-xylylene glycol (I), we made a 
number of observations which may be cv! general interest. The glycol would be expected 
to be formed by reducing 3-chlorophthalic «cid with lithium aluminium hydride, but, when 
calculated proportions of reducing agent are used, the product is 7-chlorophthalide (II). 
Under normal Fischer-Speier conditions, 3-chlorophthalic acid gives the 1-methyl 2-hydro- 
gen ester (III), and reduction of this ester with lithium aluminium hydride gives 7-chloro- 
phthalide. 
Cl Cl 
(7 )\CHy 0H fs 7) CoH 
y /CHrOH \ /0OmMe 
(I) ~ (IIT) 


Methyl 3-chlorophthalate, obtained by the action of methyl iodide on silver 3-chloro- 
phthalate, is reduced by lithium aluminium hydride to 3-chloro-o-xylylene glycol, and may 


be hydrolysed to the 2-methyl 1-hydrogen ester (IV) by the use of the calculated amount of 
alcoholic potassium hydroxide. This ester readily passes into the neutral ester under 
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Fischer-Speier conditions, and, when reduced with lithium aluminium hydride, gives 3- 
chloro-o-xylylene glycol. 

Phthalide itself is smoothly converted into o-xylylene glycol in presence of the calculated 
amount of lithium aluminium hydride, but 7-chlorophthalide requires a large excess of this 
reagent to reduce it to 3-chloro-o-xylylene glycol. 

7-Chlorophthalide dissolves in aqueous alkali to give the ions of 2-chloro-6-hydroxy- 
methylbenzoic acid, but acidification of the solution formed precipitates 7-chlorophthalide. 
This behaviour is in marked contrast to that of 5-chlorophthalide, from which Levy and 
Stephen (J., 1931, 867), by dissolution in alkali, followed by acidification, obtained 4-chloro- 
2-hydroxymethylbenzoic acid which could be sublimed at the ordinary pressure without 
undergoing cyclisation : this occurred at the melting point. 

By reducing 4-aminophthalimide, Levy and Stephen (loc. cit.) obtained two (unorient- 
ated) aminophthalides, melting at 157° and 120° respectively. From these, by replacing 
amino by chlorine, they obtained two chlorophthalides, melting at 86° and 143° respectively. 
The higher-melting chlorophthalide is evidently our 7-chlorophthalide, so that it now 
becomes possible to say that 4-chlorophthalide melts at 86° and that 4-amino- and 7-amino- 
phthalide melt respectively at 157° and 120°. 

Reduction of methyl 4-chlorophthalate with lithium aluminium hydride gives 4-chloro- 
o-xylylene glycol. 


Experimental.—M. p.s are uncorrected. Analyses are by Drs. Weiler and Strauss, of Oxford. 

1-Methyl 2-hydrogen 3-chlorophthalatc. A solution of 3-chlorophthalic acid (1 part) and 
concentrated sulphuric acid (1 part) in methyl] alcohol (10 parts) was boiled under reflux for 6 
hours. Part of the alcohol was distilled off and the residue poured into water. The pre- 
cipitated ester (80%), after being crystallised from water, had m. p. 141° (Found: C, 50-2; H, 
3-3; Cl, 16-4. C,H,O,Cl requires C, 50-4; H, 3-3; Cl, 16-5%). 

Methyl 3-chlorophthalate. A suspension of the silver salt of the acid in dry ethereal methy 
iodide was boiled for 3 hours. After removal of the silver iodide, the ester (65%) crystallised 
from aqueous methyl alcohol in hexagonal plates, m. p. 67° (Found: C, 52-8; H, 4-0; Cl, 15-6. 
C,9H,O,Cl requires C, 52-5; H, 3-9; Cl, 15-5%). 

2-Methyl 1-hydrogen 3-chlorophthalate. The neutral ester was gently warmed in one mol. 
proportion of alcoholic potassium hydroxide until it was neutral to litmus. Acidification 
precipitated the ester (84%), which crystallised from aqueous methyl alcohol in needles, m. p. 
170° (Found: C, 50-4; H, 3-3; Cl, 16-4%). 

Reductions. The three esters and the free acid were reduced in boiling ethereal solution 
(the acid by the Soxhlet-extractor procedure), by using 120% of the lithium aluminium hydride 
which would have been necessary for conversion into glycol. Methyl 3-chlorophthalate gave 
3-chloro-o-xylylene glycol (76%), plates, m. p. 71° (from benzene) (Found: C, 55-4; H, 5-15; 
Cl, 20-45. C,H,O,Cl requires C, 55-7; H, 5-2; Cl, 20-6%). 1-Methyl 2-hydrogen 3-chloro- 
phthalate gave 7-chlorophthalide (80%), colourless needles, m. p. 148°, from aqueous alcohol 
(Found: C, 56-8; H, 2-9; Cl, 21-3. C,H,;O,Cl requires C, 57-0; H, 2:9; Cl, 211%). 2- 
Methyl 1l-hydrogen 3-chlorophthalate gave 85% of glycol. 3-Chlorophthalic acid gave 70% of 
7-chlorophthalide. 

Reduction of phthalide on similar lines gave 90% of o-xylylene glycol. Reduction of 7- 
chlorophthalide with 5 mols. of lithium aluminium hydride gave 3-chloro-o-xylylene glycol. 
Methyl] 4-chlorophthalate gave 4-chloro-o-xylylene glycol (80%), rectangular plates, m. p. 85° 
(from benzene) (Found: C, 56-4; H, 5-3; Cl, 20-7%). 


We acknowledge a grant from the Medical Research Council. 
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998. The Isolation of «-Spinasterol from Colocynth. 
By (Mrs.) B. Hamitton and W. O. KERMACK. 


PowWER and Moore (J. 1910, 99) isolated, from a crude alcoholic extract of Cifrullus 
colocynthis, a stcrol, m. p. 160—162°, which they did not identify, but claimed to have 
the molecular formula C,,H,,0. In the present work, a sterol, m. p. 164—165°, correspond- 
ing to that described by Power and Moore, has been identified as «-spinasterol by com- 
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parison of its infra-red spectrum and the m. p.s and rotations of some of its derivatives 
with those of an authentic sample of «-spinasterol and its derivat‘ves. 


Experimental.—A solid colocynth preparation (1 kg.), obtained by extracting the fruit of 
Citrullus colocynthis with 90% alcohol, was steam-distilled to remove a small quantity of yellow 
oil. After decantation of the brown aqueous phase remaining in the distillation flask, the 
residue was extracted with warm alcohol in which it was completely soluble, there being no 
trace of the white, insoluble, crystalline elaterin reported by Power and Moore. After removal 
of the alcohol, the residue was extracted thoroughly with hot, light petroleum (b. p. 40—60°), 
and the greenish-yellow solution concentrated and passed through an alumina column. Three 
bands, pink, green, and yellow, quickly separated at the top of the column, and the first fraction 
collected on elution with light petroleum (b. p. 40—60°) was colourless. This was followed 
by a yellow fraction, corresponding to the yellow band, which gave only a very small quantity 
of yellow oil. The green solution obtained on further elution with ether yielded a green oil 
which constituted the main fraction of the material. The pink band at the top of the column 
spread a little on washing the column with various solvents but remained firmly attached to 
the alumina. Alcohol, ethyl acetate, pyridine, and water failed to elute further material, but 
the fractions obtained by washing with glacial acetic acid yielded a white solid containing 
aluminium, suggesting that some compound in the mixture had formed a complex with the 
alumina of the column. 

The first colourless washings from the column contained a white low-melting, waxy solid 
which, by further chromatography on alumina from light petroleum, was separated into hentri- 
acontane, m. p. 68° (isolated by Power and Moore), and a second white crystalline compound, 
m. p. 58—60° (Found: C, 85-25; H, 143%; M, 576, 584. C,,H,, requires C, 85-4; H, 
14-6% ; M, 576). This melting point is definitely lower than would be expected for the straight- 
chain C,,H,, and the compound may be a branched-chain isomer. 

Both the yellow and the green fraction from the column gave strong Liebermann-Burchard 
reactions and positive Tortelli-Jaffé tests. Trituration of both these fractions with cold 
alcohol removed the colours, leaving white solids, which, after several crystallisations from 
alcohol and light petroleum (b. p. 40—60°), yielded white glistening plates, m. p. 164—165°, 
[a]y —2° (Found: C, 83-6; H, 12-0. Calc. for C,H,0,}H,O: C, 83-6; H, 116%). The 
infra-red spectrum of this compound agreed very closely with that of «-spinasterol. 

The benzoate of this sterol formed white plates, m. p. 193—194°. This material could not 
be further purified by crystallisation or by chromatography on alumina, but on repeated 
extraction with limited quantities of hot light petroleum (b. p. 40—60°), or by partition 
chromatography on a cellulose column using ethyl acetate as the mobile and water as the 
stationary phase, two products were isolated; one, m. p. 199—200° (alone and mixed with 
authentic a-spinasteryl benzoate), [«]) 2° (Found: C, 83-4; H, 9-8. Calc. for C,,H;,0,: 
C, 83-7; H, 9-8%), the other, in small amount, m. p. 183—184°, [a], 6° (Found: C, 82-7; H, 
9-7%). The latter was not furtherexamined. «-Spinasterol melts at 168° and yields a benzoate, 
m. p. 201°, [a]p 2°. 

The acetate of the sterol formed white glistening plates, m. p. 173—174°, which could not 
be further purified by crystallisation or chromatography on alumina, but when the benzoate, 
m. p. 199—200°, was hydrolysed and the sterol acetylated, a product was isolated having m. p. 
184° (alone or admixed with authentic «-spinasteryl acetate) (Found: C, 81-7; H, 11-2%; MM, 
428. Calc. for C,,H;,0,: C, 81-9; H, 11-:0%; M, 454). The infra-red spectrum of the acetate 
also agreed very closely with that of «-spinasteryl acetate. It would appear that in the crude 
sterol fraction there is a second sterol, possibly $-spinasterol, but the evidence is inconclusive. 


We are grateful to Dr. W. C. Price and Dr. R. N. Jones for carrying out the infra-red 
observations and to the latter for comparing the spectra with those in his library of steroid 
data; and to Dr. D. H. R. Barton for providing us with specimens of «-spinasteryl acetate 
and benzoate. We also thank Messrs. T. & H. Smith of Edinburgh for supplies of the crude 
colocynth extract, and the Carnegie Trust for a Scholarship to one of us (B. H.), which made 
this work possible. 
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999. Condensation Products of Rhodanine and Keto-acids. 


By G. G. ALLAN, DUNCAN MACLEAN, and G. T. NEWBOLD. 


Tuis communication records the condensation of rhodanine with levulic acid (I; R = Me, 
nw = 2), @-benzoylpropionic acid (I; R= Ph, m= 2), and y-benzoylbutyric acid (I; 
R = Ph, » = 3) to give respectively 5-(1’-2’-carboxyethylethylidene)- (Il; R = Me, 
nm = 2), 5-(a-2’-carboxyethylbenzylidene)- (II; R= Ph, » = 2), and 5-(«-3’-carboxy-n- 
propylbenzylidene)-rhodanine (II; R= Ph, »= 3). The conditions necessary are 


(I) CO,H-{CH,),COR CO,H+(CH,},-CR:C-CO-NH-CS+$ (11) 
(III) CO,H-[(CH,),-CHR-CS-CO,H CO,H-(CH,),°CHR-CH,CO,H_ (IV) 


critical, ammonia—ammonium chloride being used as condensing agent (cf. Brown, Bradsher, 
McCallum, and Potter, J. Org. Chem., 1950, 15, 174; Girard, Ann. Chim., 1941, 16, 326). 
No reaction between the keto-acids and rhodanine occurred when sodium acetate-acetic 
acid were used (Dijksman and Newbold, J., 1951, 1213). 

Hydrolysis of (Il; R = Ph, m = 2) gives $-phenyl-«-thioadipic acid (III; R = Ph) 
which on reductive desulphurisation with Raney nickel gives $-phenyladipic acid (IV; 
R = Ph). Similar treatment of (II; R = Me, » = 2) but without isolation of the pure 
intermediate thio-acid gave 8-methyladipic acid (IV; R = Me). 

Condensation products of rhodanine with aldehydes and ketones exhibit mildew 
prevention activity (Brown and Bradsher, Nature, 1951, 168, 171); an examination for 
such properties in (II; R = Ph, » = 2) and (II; R = Me, » = 2) was kindly made by 
Mrs. M. Hamlin in the laboratories of the British Cotton Industry Research Association 
by the courtesy of the Director. The compounds showed slight fungistatic activity 
against Stachybotris atra and Memnoniella echinata but none against Chaelomium globosum, 
Alternaria tenuis, Myrothecitum verrucaria, A. versicolor, Rhizopus arrhizus, or A. niger. 
Tested against Mycobacterium tuberculosis in vitro, the two products showed a minimum 
inhibitory concentration of ca. 1 mg./100 c.c. medium (we are indebted to Mr. D. E. Sey- 
mour and Dr. D. J. Drain of Messrs. Herts Pharmaceuticals Ltd., for making available 
this result). 


Experimental.—5-(a-2’-Carboxyethylbenzylidene)rhodanine. $-Benzoylpropionic acid (1-78 g.) 
and rhodanine (1-33 g.), suspended in water (10 c.c.), were treated with aqueous ammonia 
(0-87 c.c.; d, 0-88), followed by a solution of ammonium chloride (0-6 g.) in hot water (5 c.c.), 
and heated on the steam-bath for 1 hour. Dissolution was rapid and crystals separated which 
were collected after 4 hours at 0°. The solid (1-8 g.) which evolved ammonia on treatment 
with cold alkali was dissolved in boiling water (600 c.c.), and the solution made acid (Congo-red) 
and allowed to cool. Crystallisation of the precipitate from aqueous ethanol gave 5-(«-2’-carb- 
oxyethylbenzylidene)rhodanine (1-65 g.) as yellow needles, m. p. 176—178° (Found: C, 53-3; 
H, 4:0; S, 21-4%; equiv., 144, 148. C,,;H,,0O,NS, requires C, 53-2; H, 3-8; S, 21-8%; equiv., 
146-5). Light absorption in ethanol: Max. at 276 (ce = 8600) and 346 mu (ec = 28,600). 

Under identical conditions levulic acid gave 5-(1-2’-carboxyethylethylidene)rhodanine 
(30%) as yellow needles, m. p. 189-5—190°, from water (Found : C, 42-0; H, 4-1%; equiv., i16. 
C,H,O,NS, requires C, 41-6; H, 39%; equiv., 115-5). Light absorption in ethanol: Max. at 
270 (c = 10,800) and 343 mu (¢ = 29,900). y-Benzoylbutyric acid gave 5-(x-3’-carboxy-n-propyl- 
benzylidene)rhodanine (11%) as yellow needles, m. p. 161—-162°, from water (Found: C, 55-0; 
H, 3-9; N, 4:8; S, 21-2. C,,H,,;0,NS, requires C, 54:7; H, 4:3; N, 4-6; S, 20-8%). 

8-Phenyl-a-thioadipic acid. 5-(a-2’-Carboxyethylbenzylidene)rhodanine (200 mg.) was 
heated on the steam-bath under nitrogen for 1 hour with aqueous sodium hydroxide (5 c.c.; 
15%). The resulting solution was cooled and poured slowly into an excess of ice-cold 3n-hydro- 
chloric acid with stirring. The precipitated solid was separated, washed with water, and dried. 
Crystallisation from benzene gave $-phenyl-a-thioadipic acid (80 mg.) as plates, m. p. 140° 
(Found: C, 56-9; H, 5-0%; equiv., by titration, 92-5. C,,H,,0,S requires C, 57-1; H, 48%; 
equiv., 84-0). 

B-Phenyladipic acid. (§-Phenyl-a«-thioadipic acid (0-5 g.) in a mixture of sodium hydroxide 
(10 c.c.; 2Nn), water (15 c.c.), and ethanol (25 c.c.) was heated under reflux for 7 hours with 
Raney nickel (6 g.; W6, prepared according to Org. Synth., 29, 25). The filtered mixture was 
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evaporated under reduced pressure to 15 c.c. and made acid (Congo-red). After a day the 
precipitate was collected and crystallised from ether—benzene from which $-phenyladipic acid 
(310 mg.) separated as flat rectangular prisms, m. p. 148—150° (Found: C, 64-85; H, 6-25%; 
equiv., 111, 113. Calc. for C,,H,,O,: C, 64-85; H, 635%; equiv., 111). Manske (J. Amer. 
Chem. Soc., 1931, 58, 1104) gives m. p. 146°, and von Braun and Weissbach (Ber., 1931, 64, 
1785) give m. p. 148°. The foregoing yield, 32% from (I[; R = Ph, m = 2), can be increased 
to 40% by starting from the ammonium salt of (Il; R = Ph, m = 2) and proceeding without 
isolation of pure (III; R = Ph), the method of Bradsher, Brown, and Grantham (J. Amer. 
Chem. Soc., 1951, 78, 5377) being used. 

8-Methyladipic acid. 5-(1-2’-Carboxyethylethylidene)rhodanine (1-5 g.) was heated under 
reflux in sodium hydroxide solution (30 c.c.; 15%) for 2 hours under nitrogen. The mixture 
was acidified (Congo-red) and the crude thio-acid isolated by ether as an oil (1-0 g.)._ The latter 
was heated with Raney nickel as in the preceding experiment. The mixture on concentration, 
acidification, and ether-extraction gave $-methyladipic acid (300 mg.), needles, m. p. 95—97° 
(from benzene) (Found: C, 52-8; H, 7:7%; equiv., 82. Calc. for C,H,,0O,: C, 52-5; H, 
7-55%; equiv., 80). Ruzicka and van Veen (Annalen, 1929, 468, 143) give m. p. 93—94°. 
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1000. The Friedel-Crafts Acetylation of p-tert.-Butyltoluene. 
By E. P. TAytor and G. E. Watts. 


WHEREAS Friedel-Crafts acetylation of p-ethyl-, ~-n-propyl-, and #-isopropyl-toluene 
under carefully controlled conditions yielded the corresponding 5-alkyl-2-methylaceto- 
phenones, the product of acetylation of p-tert.-butyltoluene was not the expected 5-tert.- 
butyl-2-methylacetophenone (J., 1952, 1123). This substance is now shown to be 4-tert.- 
buty]l-2-methylacetophenone, the fert.-butyl group having migrated from the para- to the 
meta-position relative to the methyl group. 

The product of hypobromite oxidation of this ketone (loc. cit.) has been identified as 
4-tert.-butyl-2-methylbenzoic acid. This was first prepared by Effront (Ber., 1884, 17, 
2317) by hydrolysis of the nitrile derived from 2-amino-5-tert.-butyltoluene, the constitution 
of which was established by Baur (Ber., 1891, 24, 2839). The present authors converted 
this amine into the corresponding 2-iodo-derivative, and obtained the required acid by 
carboxylation of the Grignard reagent, using a modification of Hussey’s general method 
(J. Amer. Chem. Soc., 1951, 73, 1364). 

Baur-Thurgau (Ber., 1898, 31, 1345) described 4-tert.-butyl-2-methylacetophenone 
obtained by Friedel-Crafts acetylation of mz-tert.-butyltoluene, and established its 
constitution (Ber., 1900, 33, 2569) by oxidation with dilute nitric acid to 4-¢ert.-buty]-2- 
methylbenzoic acid. 


Experimental.—2-Amino-5-tert.-butyltoluene (Dubinin and Kozhevnikova, Zhur. Obshchei 
Khim., 1951, 21, 662; Chem. Abs., 1951, 45, 9500) was purified through its acetyl derivative, 
m. p. 162° (Effront, Joc. cit., gives m. p. 162°; Dubinin and Kozhevnikova, loc. cit., give 161— 
162°). Hydrolysis of this derivative was difficult, but was effected by refluxing a 10% solution 
in a mixture of equal volumes of absolute alcohol and fuming hydrochloric acid for 30 hours. 
On diazotisation of the resulting amine and treatment with potassium iodide, 5-tert.-butyl-2- 
iodotoluene was obtained as a colourless oil, b. p. 135—137°/11 mm., which crystallised in 
needles (Effront, loc. cit., gives b. p. 264—265°, m. p. ca. 34—35°). Treatment of the derived 
Grignard reagent with solid carbon dioxide yielded 4-tert.-butyl-2-methylbenzoic acid, which 
after distillation in steam separated from diluted alcohol as plates, m. p. 143—144° alone or 
mixed with the acid obtained by hypobromite oxidation of the product of Friedel-Crafts 
acetylation of p-tert.-butyltoluene. Effront (loc. cit.) describes the acid as needles, m. p. 140°. 


One of us (E. P. T.) thanks the Directors of Messrs. Allen & Hanburys Ltd. for the provision 
of facilities. 
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OBITUARY NOTICES. 


JOHN CHARLES JAMES. 
1920—1952. 


A CAREER of great promise was cut short by the death of J. C. James in a climbing accident in 
the Norwegian Jotunheim, on July 9th. James was born in London and educated at Harrow 
County School and at Queen Mary College; he graduated in 1940. After working for several 
years in the laboratory of the London Passenger Transport Board he became a research student 
at Battersea Polytechnic under C. W. Davies, and was awarded his Ph.D. in 1947. He was 
appointed to the staff of Battersea Polytechnic in 1945, and became lecturer in chemistry at 
Glasgow University in 1948. 

James's early research, stimulated by contact with C. W. Davies, was directed to the study 
of the ion-association equilibria of mult’valent electrolytes (with C. W. Davies, Proc. Roy. Soc., 
1948, A, 195, 116; Trans. Faraday Soc., 1949, 45, 855; 1951, 47, 392; with Monk, ibid., 1950, 
46, 1041; with Peacock, J., 1951, 2233). Experimentally, this work was characterised by 
accurate measurements of electrical conductivity and very careful extrapolation of the limiting 
ion mobilities, and this made it possible to evaluate AG, dAG/dT, and d(AG/T) /d(1/T) for the 
association equilibrium. The main conclusions of this series of papers were: (a) that ion-pairs 
are present in any aqueous solution containing a multivalent ion, association being almost 
quantitative between two multivalent ions of opposite charge; (b) that the hydration shell of 
the cation is preserved in the ion-pair; and (c) that the temperature variation of AG is deter- 
mined by the temperature-dependence of the dielectric constant of the solvent, as expressed by 
Bjerrum’s equation. The relation between AG and dielectric constant was also examined iso- 
thermally by measuring the dissociation constant in various mixed solvents with dielectric 
constants higher and lower than that of water (J. Amer. Chem. Soc., 1949, 71, 3243; J., 1950, 
1094; 1951, 153; with Dunsmore, J., 1951, 2925), and this provided additional confirmation of 
Bjerrum’s equation, although agreement was not fully quantitative in media of low dielectric 
constant. Evidence was obtained simultaneously that in aqueous mixed solvents solvation 
takes place essentially with the water molecules alone. 

Another group of papers (Trans. Faraday Soc., 1951, 47, 1240; with Bergman, ibid., in the 
press; with Speakman, ibid., 1952, 48, 474) reported measurements on the polarographic 
reduction of nitro-compounds in acetic and sulphuric acid media, and of tropolone in aqueous 
buffers. In the former case, the influence of a large number of substituents on the half-wave 
potential was used to elucidate the rate-controlling step in the mechanism of electrolytic 
reduction. In the work in progress at the time of his death, James broke new ground in other 
respects. He became interested in conductivity measurements at very high frequencies 
(30—300 Mc.) and obtained evidence of relaxation of ion-pair dipoles in aqueous solutions of 
2: 2-electrolytes. _He found that the Debye—Falkenhagen dispersion of conductivity, known to 
conform to theory at high dilution, was inappreciable in moderately concentrated solutions, and 
this was understood to mean that the Debye—Onsager factors were altogether subordinate under 
these conditions. In this field his interest in non-aqueous media was represented hy measure- 
ments of the dielectric dispersion of anhydrous sulphuric acid (J. Chem. Physics, 1952, 20, 530) 
which showed that this solvent, from a dielectric aspect, was not much more extreme than 
water. James had also embarked on a long-term investigation of double-layer capacities, and 
by ingeniously adapting electronic methods he had made significant improvements in the 
technique of measuring the capacity changes at a dropping-mercury electrode. Nearly all this 
later work is still unpublished. James’s experimental and intellectual grasp of a broad field of 
scientific interest was a source of admiration to his colleagues and co-workers, and will long be 
remembered. 


J. C. D. Branp. 








Obituary Notices. 


THOMAS TURNER. 
1861—1951. 


THoMAS TuRNER, M.Sc., A.R.S.M., F.R.I.C., Emeritus Professor of Metallurgy in the University 
of Birmingham was born in 1861 in Ladywood, Birmingham. He married Christian Smith of 
Edinburgh in 1887 and had two sons and two daughters. After a general education in Edgbaston, 
Birmingham, he studied metallurgy at the Royal School of Mines in London, where he was 
De la Bache medallist. His first appointment was as demonstrator in chemistry in the newly- 
formed Mason’s Science College, to which post he was appointed in 1883. Four years later he 
became Lecturer in Metallurgy and thus started the teaching of a new science that was to 
develop greatly under his guidance during the next forty years. For a time, from 1894 to 
1902, he was Director of Technical Instruction to the Staffordshire County Council, but in 1902 
he returned to teaching as the first Professor of Metallurgy in the newly established University 
of Birmingham. This post he held with distinction until his retirement in 1926. Throughout 
his teaching career he maintained a keen interest in research, and covered a wide field of interests. 
Perhaps his most notable work was his study of the influence of silicon and other elements in 
iron and steel; in particular, his work on the influence of silicon in cast iron laid the foundations 
for a scientific understanding of this material and gained for him a substantial reputation. 
Turner's interests extended widely beyond his native city, and he was prominent in technical 
societies, research committees, and the like. He was a founder member of the Institute of 
Metals, and later became its President, and he was a member of the Advisory Committee of the 
Imperial Institute. He took an active part in the work of the Iron and Steel Institute, of which 
he became a Vice-President. He was particularly interested in the work of the British Non- 
Ferrous Metals Research Association and the British Cast Iron Research Association, and 
worked on their Councils for many years. For his researches he was awarded the Bessemer Gold 
Medal of the Iron and Steel Institute, the Seaman Gold Medal of the American Foundrymen’s 
Association, and the Fox Gold Medal of the Institute of British Foundrymen. Turner 
maintained his professional interests in such bodies as the metallurgical institutes and research 
associations almost to the end of his long life. He played an active part in the early scientific 
study of metals, and saw it develop over a period of about seventy years into the firmly 
established technical science of today. D. HANSON. 
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SCIENTIFIC MEETINGS DURING FEBRUARY, 1952 
LONDON. 
Thursday, February 7th, at 2.30 and 7.30 p.m. 


Symposium, The Physical Chemistry of Structural Changes in Solids, arranged by 
Professor A. R. Ubbelohde, D.Sc., F.R.S. Contributions from the following 
will be read and discussed—Professor A. R. Ubbelohde, D.Sc., F-.R.S., 
Professor F. E. Simon, C.B.E., F.R.S., Mr. L. A. K. Staveley, M.A., Dr. J. S. 
Anderson, M.Sc., A.R.C.S., Miss H. D. Megaw, Dr. J. C. Kendrew, M.A., and 
Professor W. E. Garner, C.B.E., D.Sc., F.R.S. (Abstracts of the contributions 
may be obtained from the General Secretary.) 


Thursday, February 21st, at 7.30 p.m. 
Centenary Lecture, The Chemistry of the Cardiac Glycosides, by Professor T. 
Reichstein (Basle), Honorary Fellow. 
ABERDEEN. 
Thursday, February 28th, at 7.30 p.m. 


Lecture, Photography as a Scientific Implement, by Dr. H. Baines, F.R.I.C. Joint 
meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry, to be held in the Chemistry Department, Marischal College. 


BRISTOL. 
Thursday, February 7th, at 7 p.m. 


Lecture, Effect of Light on the Combustion of Hydrocarbons, by Professor R. G. W. 
Norrish, Sc.D., F.R.S. To be given in the Chemistry Department, The 
University. 

Thursday, February 14th, at 7 p.m. 


Lecture, Applications of Infra-red Spectroscopy to the Study of Plastic Polymers, by 
Dr. H. W. Thompson, M.A., F.R.S. To be given in the Technical College, 
Gloucester. 


EDINBURGH. 
Tuesday, February 5th, at 7 p.m. 


Lecture, A Biochemical Approach to Chemotherapy, by Dr. T. S. Work. Joint 
meeting with the Royal Institute of Chemistry, the Society of Chemical Industry, 
and the Edinburgh University Chemical Society, to be held in the Biochemical 
Lecture Theatre, Teviot Place. 


Thursday, February 21st, at 7.30 p.m. 


Lecture, Recent Trends in Refractories Research, by Dr. A. T.Green. Joint meeting 
with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the North British Station Hotel, Edinburgh. 





EXETER. : 
Monday, February 18th, at 5 p.m. 


Lecture, The Chemistry of the Tropolones, by Professor R. D. Haworth, D.Sc., 
F.R.S. To be given in the Washington Singer Laboratories, Prince of Wales 
Road, Exeter. 


GLASGOW. 
Friday, February 15th, at 7 p.m. 


Annual General Meeting of Local Fellows followed at 7.15 p.m. by a Lecture, Some 
Recent Work on the Chemistry of Metallic Oxides, by Dr. J. S. Anderson, 
M.Sc., A.R.C.S. To be held in the Royal Technical College. 


Friday, February 29th, at 7.15 p.m. 


Meeting for the Reading of Original Papers. To be held in the Chemistry Depart- 
ment, The University. 


HULL. 


Thursday, February 28th, at 6 p.m. 


Lecture, La Liaison d’Hydrogéne, by Professor L. Hunter, D.Sc., F.R.I.C. To be 
given in the Science Lecture Theatre, University College. 
(This lecture was originally arranged for February 21st.) 


LEEDS. 
Monday, February 18th, at 7 p.m. 


Royal Institute of Chemistry Lecture, Some Equilibria and Reactions of Sulphur, by 
Dr. G. Gee, F.R.S., F.R.I.C. To be given in the Department of Chemistry, 
The University. (All Fellows are invited.) 


MANCHESTER. 
Thursday, February 7th, at 6.30 p.m. 


Lecture, Developments in the Chemistry of Macrocyclic Pigments, by Professor R. P. 
Linstead, C.B.E., D.Sc., F.R.S. Joint meeting with the University Chemical 
Society to be held in the Chemistry Lecture Theatre, The University. 


Thursday, February 28th, at 6.30 p.m. 


Centenary Lecture, The Chemistry of the Cardiac Glycosides, by Professor Dr. T. 
Reichstein (Basle), Honorary Fellow. To be given in the Chemistry Lecture 
Theatre, The University. 


NEWCASTLE AND DURHAM. 


Friday, February 22nd, at 5.30 p.m. 
Bedson Club Lecture, There and Back again. Some Aspects of Hysteresis, by 
Professor D. H. Everett, M.B.E., D.Phil. To be given in the Chemistry 
Building, King’s College, Newcastle-on-Tyne. (All Fellows are invited.) 


NORTH WALES. 
Thursday, February 7th, at 5.45 p.m. 
Lecture, Biological Value of Proteins, by Dr. S. K. Kon, F.R.I.C. Joint meeting 
with the Liverpool Section of the Society of Chemical Industry and University 
College of North Wales Chemical Society, to be held in the Department of 
Chemistry, University College of North Wales, Bangor. 





NOTTINGHAM. 
Thursday, February 14th, at 4.45 p.m. 


Lecture, La Liaison d’Hydrogéne, by Professor L. Hunter, D.Sc., F.R.I.C. Joint 
meeting with the Nottingham University Chemical Society to be held in the 
Chemistry Lecture Theatre, The University. 


Tuesday, February 19th, at 5 p.m. 


Lecture, The Chemistry of the Tropolones, by Professor R. D. Haworth, D.Sc., 
F.R.S. Joint meeting with Leicester University College Chemical Society 
to be held at University College, Leicester. 


ST. ANDREWS AND DUNDEE. 


Friday, February \st, at 5.15 p.m. 


Lecture, The Photographie Action of X-Rays, by Mr. A. C. Coates, B.Sc. Joint 
meeting with St. Andrews University Chemical Society to be held in the 
Chemistry Department, United College, St. Andrews. 


Friday, February 8th, at 5.15 p.m. 


Lecture, Points in Chemotherapeutic Research, by Dr. F. L. Rose, O.B.E., F.R.L.C. 
Joint meeting with St. Andrews University Chemical Society to be held in the 
Chemistry Department, United College, St. Andrews. 


Thursday, February 14th, at 5.15 p.m. 


Lecture, Some Equilibria and Reactions of Sulphur, by Dr. G. Gee, F.R.S. To 
be given in the Chemistry Lecture Theatre, University College, Dundee. 
(Arranged by the Chemistry Department ; all Fellows are invited.) 


Friday, February 22nd, at 5.15 p.m. 


Lecture, Seientifie Developments in the Field of Atomic Energy, by Sir John 
Cockcroft, C.B.E., F.R.S. Joint meeting with St. Andrews University 
Chemical Society to be held in the Chemistry Department, United College, 
St. Andrews. 


Thursday, February 28th, at 5.15 p.m. 


Lecture, Structural Relationships in the Hemicellulose Group, by Professor E. L. 
Hirst, M.A., Ph.D., F.R.S. To be given in the Chemistry Lecture Theatre, 
University College, Dundee. 


SHEFFIELD. 


Thursday, February 21st, at 5.30 p.m. 


Lecture, Some Recent Contributions of Organic Chemistry to Medicine, by Dr. J. 
Walker. Joint meeting with the University Chemical Society to be held in 
the Chemistry Lecture Theatre, The University. 


SOUTH WALES. 


Wednesday, Felruary 6th, at 5.30 p.m. 


Lecture, The Scientific Examination of Paintings, by Dr. A. E. Werner, M.A., M.Sc., 
A.R.LC. To be given in the Chemistry Department, University College, 
Cardiff. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 
William Henry Ballantyne (London, E.C.1) ... June 18th, 1908. Nov. 19th, 1951. 
Howard Alfred Caulkin (Birmingham) May 6th, 1909. Aug. 25th, 1951. 
Henry Edward Cox (Sidcup) (C. 1948-) Dec. 7th, 1916. Nov. 21, 1951 
Frederick Roscoe Grundey (Isle of Man) June 17th, 1897. Oct. 23rd, 1951. 
Sydney Hill (Liverpool) June 5th, 1947. Nov. 17th, 1951. 
Leonard Roger Batten Pearce (London, E.C.4) May 3rd, 1917. Oct. 5th, 1951. 


CONGRATULATIONS. 


The President has conveyed the congratulations of the Society to the following Fellows 
who completed 50 years Fellowship on December 5th, 1951. 


Arthur Baker (Longfield). 

Herbert Blackmore Hammond (Shermanbury). 
Edward Hall Miller (Lilydale, Vict.). 

Albert Edward Parkes (London, S.E.3). 
Harold Fay Fleetwood Varley (Broadstairs). 
Frank Wade (Southampton). 


ELECTION OF NEW FELLOWS. 


The following 54 Candidates were elected Fellows of the Society on December 13th, 
1951 : 


Gunnar Andreasen. Leonard Herbert Kent. 
Geoffrey Buxton Weeks Badsey. John William Ladbury. 
Geoffrey Brian Barlow. James William Laxton. 
David Osher Barlow. Gerald Litwack. 

Russell James Bayly. Leonard Campbell McKean. 
Emanuel Bohm. Joan Eleanor Moule. 
William A. Bonner. Maurice Raymond Pettit. 
Robert William Clayson Broadbank. David Ivan Pritchard. 
Joseph Harold Burckhalter. Riccardo Passerini. 
Norman Robert Byrd. Lovat Victor Charles Rees. 
Eric Victor Caldwell. Edward Leonard Richards. 
Brian Harry Claussen. Cecil Simon Richenberg. 
Abraham Lionel Clingman. Edwin Arthur Robinson. 
Johanna Czarnikau. David Herbert Samuel. 
Richard John Davis. George Pershing Schmitt. 
John Dunderdale. Alfred George Smeeth. 
John Robert Dunn. Bryan John Stokes. 

David Crawford Eaton. Peter John Stokes. 

Joseph Holroyd Elliott. Alfred Eric Stubbs. 

Ian Forster Ferguson. Harold Trevor Taylor. 
John Stanley Fitt. John Gordon Topliss. 

Keith William Fuller. Tilo Lajos Vittorio Ulbricht. 
Richard Gaze. Johan Heinrich Veldhuizen. 
Emery Gellert. Maurice Julien Eduard Verzele. 
Godfrey F. Grail. Ernest Malcolm Wilkinson. 
Roland Arthur Hamilton. Milton Wolf. 

John Raymond Hartley. Ivor Zietman. 


GIFTS OF PUBLICATIONS. 


Acknowledgment is made of gifts of the Society’s publications from Dr. W. F. Beech 
and Mr. H. F. Godson. 








RESEARCH FUND. 
The Council has approved the following grants from the Research Fund. 


& 


Dr. G. M. Badger, The University, Adelaide. ‘‘ Oxidations with Osmium Tetr- 
oxide ”’ 

Dr. D. H. R. Barton, Birkbeck College, W.C.1. 
penoids ”’ 

Dr. S. Bayne, Bute Medical Buildings, St. Andrews, Fife. ‘‘ The Structure of 
Anhydro-Osazones ”’ 

Dr. C. W. L. Bevan, University College, Exeter. 

Fluorobenzenes ”’ 

Dr. J. C. D. Brand and Dr. J. C. James, The University, Glasgow. ‘‘ Dielectric 
Dispersion of Sulphuric Acid ”’ 

Mr. E. Collinson, The University, Leeds 2. ‘‘ Studies on the Mechanism of Radi- 
ation Induced Oxidation ”’ 

Dr. E. G. Cowley, Acton Technical College, W.3. ‘‘ Dielectric Polarisation ”’ 

Professor M. J. S. Dewar, Queen Mary College, E.1. ‘“‘ A Quantitative Study of the 
Relation between Structure and the Orientation and Rate of Substitution in 
Aromatic Systems ”’ 

Mr. R. E. Dodd, King’s College, Newcastle-on-Tyne 1. 

Deuteroacetaldehyde ”’ 

Dr. C. Eaborn, University College, Leicester. ‘‘ Organosilicon Compounds ”’ 

Mr. D. A. Everest, Battersea Polytechnic, S.W.11. ‘‘ A Study of the Chemistry of 
Divalent Germanium Compounds ” 

Dr. S. H. Harper, King’s College, W.C.2. ‘‘ Synthesis of Pyrethrins ”’ 

Mr. D. Harrison, Queen Mary College, E.1. ‘“‘ Magnetochemical Investigations of 
some Tautomeric Systems ” 

Mr. T. G. Heggs, The University, Leeds. ‘‘ Effect of Substituents on the Course of 
Reactions in the Hydrolytic Decomposition of Organic Nitrates ”’ 

Mr. F. Holmes, University College, Bangor, N. Wales. ‘‘ An Investigation into the 
Chelating Powers of some Heterocyclic Compounds ” 

Dr. D. C. Jones, Queen Mary College, E.1. ‘‘ Determination of Interfacial Tensions 
and the Temperature Coefficient of certain Aliphatic and Aromatic Nitro-bodies 
against (a) Water and (b) certain Saturated Hydrocarbons ”’ 

Dr. J. K. N. Jones, The University, Bristol. ‘‘ The Synthesis of the Pentose, 
Methyl Pentose, and Heptose Sugars ”’ 

Dr. H. Neville, Queen Mary College, E.1. 

Borine Compounds ” 

Dr. G. R. Ramage, Technical College, Huddersfield. ‘‘ Caryophyllene ”’ 

Dr. R. Roger, University College, Dundee. ‘‘ An Examination of the Rotatory 
Powers, Rotatory Dispersions, and Absorption Spectra of 1-Ephedrine ”’ 

Mr. M. J. Soulal, Acton Technical College, W.3. ‘‘ Organo-thallium Compounds ” 

Mr. G. H. Williams, King’s College, Strand, W.C.2. ‘‘ Determination of Partial 
Rate Factors for Homolytic Aromatic Substitution ”’ 

Mr. J. M. Wilson, Municipal College, Portsmouth. ‘‘ The Reaction of Aceto- 
mesitylene and some other Derivatives of Mesitylene with Organo-lithium 
Compounds ”’ 
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CORDAY-MORGAN MEDAL AND PRIZE. 


The Corday—Morgan Medal and Prize, consisting of a Silver Medal and a monetary 
Prize of 150 Guineas, is awarded annually to the chemist of either sex and of British 
Nationality, who, in the judgment of the Council of the Chemical Society, shall have 
published during the year in question, the most meritorious contribution to experimental 
chemistry and who shall not, at the date of publication, have attained the age of thirty- 
six years. The Council has power to suspend the award in any year in which no suitable 
candidate presents himself or is brought to the notice of the Council. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1951 must be received not later than December 31st, 1952, and applications for the Award 
for 1952 are due before the end of 1953. 








MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 


held in the Chemistry Lecture Theatre, The University, Liverpool, on Thursday, 
December 6th, 1951, at 5 p.m. 


Professor C. E. H. Bawn, Ph.D., on behalf of the Vice-Chancellor of the 
University, welcomed the Society on the occasion of the Official Meeting, and 
Professor E. D. Hughes, D.Sc., F.R.S., Honorary Secretary, who was in the Chair, 
replied. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: R. J. S. Beer, F. M. Dean, 
J. S. E. Holker, A. K. Holliday, F. Hewitt, T. Broadhurst, J. Yates, D. H. Johnson, 
T. R. Farnworth, W. H. Evans, R. G. Halford, G. B. Smith, C. G. Harris, E. Hough, 
A. Mendelowitz, B. M. Marshall, N. B. Dean, M. L. Meara, G. Skirrow, D. W. Broad, 
J. Simes, David Powell, R. A. Eade. 


SCIENTIFIC COMMUNICATIONS. 


The Chairman called upon Professor H. W. Melville, D.Sc., F.R.S., to deliver a lecture 
entitled ‘‘ New Developments in Methods for Following Fast Chemical Reactions.” At 
the conclusion of the lecture, a vote of thanks, proposed by Dr. A. Hickling, was carried with 
acclamation. 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday, December 13th, 1951, at 7-30 p.m. 
Professor R. P. LinstEAD, C.B.E., D.Sc., F.R.S., Vice-President, was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meetings held at Burlington House, Leeds University, and 
Liverpool University, on the 15th November, 22nd November, and 6th December, 
respectively, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: M. L. Burstall, J. I. G. Cadogan, 
D. Coyle, F. C. N. Carroll, E. Crumpwell, M. E. Trevett, R. H. G. Thomson, S. L. Kidman, 
B. K. Howe, A. J. Crocker, D. G. Turpin, H. F. Godson, J. F. Salmon, B. A. Hext, 
D. R. Augood. 


TILDEN LECTURE. 


After a brief introduction, The Chairman called upon Professor D. H. Hey, D.Sc., 
F.R.I.C., to deliver the Tilden Lecture entitled ‘““Some Recent Developments in the 
Chemistry of Free-radical Reactions in Solution.’’ At the conclusion of the lecture, 
Professor Wilson Baker proposed a vote of thanks to Professor Hey, which was carried with 
acclamation. 








MEETINGS OUTSIDE LONDON 
EDINBURGH. 


“ The Life and Work of William Higgins,” by Professor T. S. Wheeler, D.Sc., F.R.L.C. 

A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held on November 15th at 7-30 p.m. in the North British 
Station Hotel, with Dr. Neil Campbell in the Chair. Professor T. S. Wheeler delivered a 
most interesting and fascinating lecture and, after the ensuing discussion, a vote of thanks, 
proposed by Professor F. Bell, was carried with acclamation. 


SOUTHAMPTON. 


“The Modern Theory of Aromatic Systems,” by Dr. H. C. Longuet-Higgins, M.A. 

A joint meeting with the Chemical Society of University College, Southampton, was 
held in the Physics Department on November 16th, 1951, with Mr. E. A. S. Cavell in the 
Chair. 

Dr. Longuet-Higgins gave a lucid, non-mathematical account of the application of 
molecular orbital methods to the problem of the distribution of x-electron densities in 
aromatic systems, and indicated the correlation between the results obtained and the 
reactivities observed in the cases of selected compounds. 

Discussion followed, and the proceedings concluded with a vote of thanks to 
Dr. Longuet-Higgins, proposed by Dr. N. B. Chapman, and carried with acclamation. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for January, 1952. Such objections will 
be treated as confidential. The forms of application ave available in the Library.) 


*Abbot, Derek Charles, B.Sc., and Ph.D. (Lond.), A.R.I.C. British. 31, Manchuria Road, Battersea, 
S.W.11. Scientific Officer, Government Laboratory, W.C.1. Signed by: H. Egan, E. I. Johnson, 
N. J. Treacher. 

Angus, Leslie, B.Sc. and M.Ed. (Dunelm). British. 21, Queens Road, Blackhill, Consett, Co. Durham. 
Senior Chemistry Master at Consett Grammar School. Signed by: G. H. Christie, C. W. Gibby, 
E. A. Bowes. 

Barakat, Mohamed Zaki, M.Sc. and Ph.D. (Fouad Ist). Egyptian. Biochemistry Department, Faculty 
of Medicine, Abbassia, Cairo, Egypt. Senior Lecturer in Biochemistry. Signed by: Denis H. 
Marrian, A. M. Michelson, G. W. Kenner. 

Bennett, George Arthur, B.A. (Cantab.). British. 7, Ellistree, Bishops Itchington, Leamington Spa, 
Warwicks. Student. Signed by: F. G. Mann, P. Maitland, J. Harley-Mason. 

Beyts, Clement Ernle, M.A. (Cantab.), A.R.I.C. British. Glenton, Hillside Drive, Woolton, Liverpool. 
Research Chemist, Evans Medical Supplies, Ltd., Liverpool 19. Signed by: W. J. C. Dyke, E. E. 
Turner, D. M. Hall, M. M. Harris. 

*Boulton, John. British. 36, East Avenue, Rawmarsh, Rotherham, Yorks. Student, King’s College, 
London. Signed by: S. H. Harper, D. H. Hey, E. K. Rideal. 

Bratt, Geoffrey, B.Sc. (Lond.). British. 28, Abingdon Road, Davyhulme, Urmston, Lancs. Assistant 
Technical Officer, Imperial Chemical Industries Ltd., Blackley. Signed by: W. R. Boon, C. H. 
Vasey, N. Greenhalgh. 

*Brockis, Graham John, B.Sc. (Lond.). British. 68, Bradleigh Avenue, Grays, Essex. H.M. Forces. 
Signed by: L. Ellison, G. Bulmer, J. Leicester. 

Bryan, Joan Daphne, B.Sc. (Bristol). British. 148, Chilton Street, Bridgwater, Somerset. Research 
Chemist, British Cellophane Ltd. Signed by: C. R. Oswin, E. G. Sanderson, B. E. Stacey. 

*Burgess, Jack Francis. British. Rosegrath, Main Road, Keyingham, Nr. Hull, East Yorks Junior 
Analytical Chemist, British Industrial Solvents, Saltend, Hedon, Hull. Signed by: T. Ellerington, 
A. Hawkesley, A. P. Backshell. 

*Burten, Keith. British. 6, Balcarris Road, Rossington, Doncaster, Yorks. Chemist, Briggs Motor 
Bodies, Ltd., Doncaster. Signed by : H. Goddard, F. G. Randall, Ben R. Brown. 
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*Butler, Basil Richard Ryland. British, The Manor House, South Brent, Devon. Student. Signed 
by: F. G. Mann, P. Maitland, B. Lythgoe. 

Cameron, Margaret Davis, B.A. (Texas State College for Women), M.Sc. (Houston), Ph.D. (Tulane). 
American. Department of Organic Chemistry, The University, Leeds, 2. Student (Fulbright 
and Ransey Fellow). Signed by: M. I. Whitaker, A. T. Austin, F. Challenger. 

*Chapman, Charles Brian. British. ‘‘ Brydor,”’ Bradley, (via) Keighley, Yorks. Student, King’s 
College, London. Signed by: S. H. Harper, D. H. Hey, E. K. Rideal. 

Clelland, James Orr. British. 57, Beam Avenue, Dagenham, Essex. Chemist, Solvent Products 
Ltd. Signed by: J.C. J. Graham, S. N. Farmer, R. S. M. Frohnsdorff. 

*Clement, Brian Edward Percy, B.Sc. (Lond.). Britlsh. 66, Springfield Gardens, Kingsbury, N.W.9. 
Student, Acton Technical College. Signed by: W. Davey, J. H. Skellon, E. G. Cowley. 

*Cook, Ronald Percy. British. 17, Gill Park, Efford, Plymouth. Student, University College of 
the South West, Exeter. Signed by: S. J. Gregg, K. Schofield, H. T. S. Britton. 

*Coursey, Donald Gilbert, B.Sc. (Lond.). British. 16, Beauchamp Road, East Molesey, Surrey. 
Demonstrator. Signed by: J. Bourne, H. A. Rees, R. L. D. Ellis. 

*Crick, Margaret Mary. British. 34, Roland Gardens, London, S.W.7. Chemist, British Celanese, 
Ltd. Signed by: B. A. Hext, B. F. M. London, H. L. Peerman. 

*Darlington, Michael Edwin. British. 37, Ramsgill Drive, Newbury Park, Ilford, Essex. Student, 
South-West Essex Technical College. Signed by: R. A. Tingey, H. Holness, G. Mattock. 

*De Nordwall, Herman John. British. Wadham College, Oxford. Student. Signed by: D. F. 
Evans, Harry Irving, S. F. Mason. 

Din, Saleh Nour El, M.Pharm and Ph.C. (Cairo). Egyptian. 6, Haddad Street, Khoulosi, Shoubra, 
Cairo, Egypt. Lecturer, Faculty of Medicine, Fouad I University, Cairo. Signed by: H. A. Fahim, 
Wadie Tadros, A. Mustafa Ahmed. 

Dombrow, Max, B.Pharm. and B.Sc. (Lond.), Ph.C., A.R.I.C. British. 25, Allerton Road, N.16. 
Lecturer, Chelsea School of Pharmacy. Signed by: J. McGhie, A. H. Beckett, D. C. Harrod. 
Downing, David Francis. British. 82, Pembroke Road, Clifton, Bristol 8. Student, University 

of Bristol. Signed by: F. H. Pollard, H. Baker, J. F. W. McOmie. 

*Fairfield, Geoffrey. British. 12, Egerton Street, Denton, Manchester. Student, Cambridge Univer- 
sity. Signed by: F. Wild, F. G. Mann, P. Maitland. 

*Farrington, John Alan. British. 24, Whitfield Avenue, Westlands, Newcastle Staffs. Student, 
Cambridge University. Signed by: L. J. Haynes, N. L. Paddock, F. H. Newth. 

*Farrow, Nancy Helen, B.Sc. (Lond.). British. 153, Fairlands Avenue, Thornton Heath, Surrey. 
Analytical Chemist, South-Eastern Gas Board. Signed by: Stanley Shoop, B. S. Innes, Eunice A. 
Bucknell. 

*Feakins, David. British. 34, Swyncombe Avenue, Ealing, W.5. Student, Queen Mary College. 
Signed by : R. F. Garwood, R. F. Hudson, C. M. French. 

Fenton, Stuart W., M.Sc. (Queens Univ., Canada), Ph.D. (Massachusetts Institute of Technology). 
Canadian. Campus Club, Cottman Memorial Union, University of Minnesota, Minneapolis 14, 
Minnesota, U.S.A. Assistant Professor of Organic Chemistry. Signed by: C. F. Koelsch, Walter 
M. Lauer, Lee Irvin Smith. 

*Foster, Peter William, B.Sc. (Lond.). British. 14, Piece Wood Road, Cookridge, Leeds. Research 
Student, University College, W.C.1. Signed by: C. K. Ingold, E. D. Hughes, G. J. Bullen. 

*Fray, Gordon Ian. British. Toft, Bourne, Lincolnshire. Student. Signed by: Harry Irving, 
D. F. Evans, S. F. Mason. 

Fry, Hanno, B.Sc. (Lond.). British. 1, Warner Avenue, North Cheam, Surrey. Research Chemist. 
Signed by : Maurice J. Charlton, C. H. R. Gentry, Nora Herzfeld. 

*Gibbons, Derek, B.Sc. (Birmingham), A.R.I.C. British. 7, Sycamore Crescent, Wath-on-Dearne, 
Rotherham, Yorks. Research Student, Birmingham University. Signed by: M. Stacey, L. L. 
Bircumshaw, S. R. Carter, R. Belcher, F. W. Pinkard. 

*Grant, Donald Dalziel Keith. British. ‘‘ Pangani,’’ Nine Mile Burn, Penicuik, Midlothian. Student. 
Signed by: M. Ritchie, Duncan Taylor, Neil Campbell. 

*Gratzer, Walter Bruno. British. 105, Holden Road, N.12. Student. Signed by: Harry Irving, 
R. F. Barrow, A. D. Caunt. 

*Gregson, Leslie Durose. British. 38, Rowsley Street, Leicester. Analytical Chemist, Fisons Ltd., 
Loughborough. Signed by: R. Ganday, W. S. Stevens, J. Miller. 

Hacobian, Steven, M.Sc (Sydney). Australian. Mason Manor, Flat 4, 94, Birriga Road, Bellevue Hill, 
Sydney, N.S.W., Australia. Research Chemist, Faculty of Agriculture, University of Sydney. 
Signed by: R. J. W. Le Févre, T. Iredale, H. C. Freeman. 

Haidri, Zafar Ali, M.Sc (Aligarh), A.R.I.C. Pakistani. Survey of Medicinal Plants, Abbotabad, 
N.W.F.P., West Pakistan. Deputy Director. Signed by: M. I. D. Chughtai, A. Kamal, S. A. 
Warsi. 

Hair, William John, B.Sc. (Lond.), F.R.I.C. British. The Railway Executive, Research Department, 
London Road, Derby. Research Chemist. Signed by: F. Fancutt, D. P. Earp, G. H. 
Wyatt. 

*Hancocks, Albert John. British. 54, Shakespeare Avenue, Peterborough. Student, University 
College, Exeter. Signed by: S. J. Gregg, K. Schofield, H. T. S. Britton. 

*Hanson, Kenneth Ralph, B.Sc. (Liverpool). British. 14, Devonshire Road, Liverpool 8. Research 
Student. Signed by: R. Towers, D. Powell, J. S. E. Holker. 
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*Hanson, Thomas. British. 38, Chester Street, Accrington, Lancs. Assistant Chemist. Signed by : 
D. Burgess, W. K. Birtwistle, A. Walton. 

*Hardy, Muriel Leroy, B.Sc. (Lond.). British. Royal Holloway College, Englefield Green, Surrey. 
Student. Signed by: Gwyn Williams, K. Singer, T. G. Bonner. 

*Hardy, Paul Richard. British. St. Alban’s Vicarage, 8, Dale Street, Nottingham. Student, Cam- 
bridge University. Signed by: F. G. Mann, P. Maitland, B. Lythgoe. 

Harfleet, Norman. British. 51, Boundary Road, Chatham, Kent. Metallurgical Chemist. Signed 
by: H.I. Stonehill, F. Tweedie, A. H. Thorneloe, J. R. Barr. 

Harper, Norman James, M.Sc. (0.U.B.), A.R.I.C. British. 243, King’s Road, Rayner’s Lane, Harrow, 
Middlesex. Lecturer in Pharmaceutical Chemistry at Chelsea Polytechnic. Signed by: A. H. 
Beckett, Douglas C. Harrod, L. Saunders. 

Hayes, James John, A.R.I.C. British. 128, Winston Road, Stoke Newington, N.16. Chemist, S. 
Whitbread & Co. Ltd. Sighed by: A.C. Case, G. H. Dunton, J. T. G. Johnson. 

Hoare, Derrick Ernest, M.A. (Cantab.). British. 3, Cedar Grove, Copnor, Portsmouth, Hants. 
Research, Rochester University, U.S.A. Signed by: P. A. Briscoe, K. J. Ivin, A. D. Walsh. 
*Hudgell, Alfred William David, B.Sc. (Birm.). British. 48, Burns Road, Coventry, Warwicks. 
Research Chemist, The University, Birmingham. Signed by: J. H. Turnbull, L. Bradford, 

W. Wilson. 

*Hughes, George Maxwell Knight, B.A. (Cantab.). British. N.P. Bank House, High Street, Windsor, 
Berks. Research Student. Signed by: B.C. Saunders, J. Harley-Mason, G. W. Kenner. 

Ives, Graham Chadwick, B.Sc. (Lond.), A.R.I.C. British. 6, Fullbrooks Avenue, Worcester Park, 
Surrey. Signed by: V.E. Yarsley, A. G. Goodchild, A. K. Unsworth. 

*Jamieson, William David, M.Sc. (Dalhousie). Canadian. 10, Brookside, Cambridge. Research 
Student, Cambridge University. Signed by: R.G. W. Norrish, A. J. Harding, J. H. Knox. 

*Jenkins, Robert Oliver. British. 136, Glanmor Road, Sketty, Swansea. Student, Cambridge 
University. Signed by: F. G. Mann, P. Maitland, J. Harley-Mason. 

*Jolliffe, Brian Rolfe. British. Emmanuel College, Cambridge. Student. Signed by: F. G. Mann, 
P. Maitland, J. Harley-Mason. 

*Kapel, Martin, B.Sc. (Birm.). Polish. 137, Station Road, King’s Heath, Birmingham 14. Research 
Student. Signed by: L. L. Bircumshaw, M. Stacey, R. Belcher. 

*Keefe, Peter Thomas. British. 89, Dewhirst Road, Syke, Rochdale, Lancs. Student, Cambridge 
University. Signed by: F. G. Mann, P. Maitland, J. Harley-Mason. 

*Kerridge, Kenneth Albert, B.Pharm. (Lond.), Ph.C. British. 33, Hampton Road, Chingford, E.4. 
Research Student, Chelsea Polytechnic. Signed by: A. H. Beckett, D. C. Harrod, L. Saunders. 

*Kingston, David. British. 25, Prospect Road, St. Albans, Herts. Student. Signed by: F. G. 
Mann, P. Maitland, B. Lythgoe. , 

Kruger, Stefan, M.Sc. (Sydney). Australian. 59, Burns Bay Road, Lane Cove, N.S.W., Australia. 
Research Chemist, University of Sydney. Signed by: S. E. Wright, Estelle Smith, T. Iredale. 

*Landman, Axel Wolfang. British. 37, Duffield Road, Salford 6, Lancs. Student, Royal Technical 
College, Salford. Signed by: D. M. Lever, K. S. W. Sing, E. G. Edwards. 

*Lappert, Michael Franz, B.Sc. and Ph.D. (Lond.). British. 16 Holtham Road, London, N.W.8. 
Assistant Lecturer. Signed by: W. Gerrard, H. J. S. King, C. G. Smith. 

*Lee, Glyn Evan. British. 40, Clarke’s Avenue, Worcester Park, Surrey. Student. Signed by: 
J. Bourne, H. A. Rees, A. Jackman. 

*Lee, Kenneth Orton, B.Sc. and Ph.D. (Lond.), A.R.I.C. British. 11, Westernhay Road, Stoneygate, 
Leicester. Rubber Chemist and Technologist, The Lee-Healey Co., Ltd. Leicester. Signed by: 
E. R. A. Peeling, L. Hunter, C. Eaborn. 

Leone, Joseph Thomas, B.S. (Notre Dame). American. Pond Laboratories, Pennsylvania State 
College, State College, Penna., U.S.A. Research Fellow. Signed by: R.M. Witucki, C. L. Wilson, 
L. Jackson. 

*Lunt, Thomas Goulder. British. 6, Kendor Avenue, Epsom Surrey. Student, Oxford University. 
Signed by: Harry Irving, J. C. Smith, J. A. Barltrop. 

*Lusher, Peter Allan, B.A. (Cantab.). British. 25, Tillett Road, Norwich, Norfolk. Student, 
Cambridge University. Signed by: P. Maitland, F. G. Mann, J. Harley-Mason. 

*Macdonnell-Gibbons, John Alan, B.Sc. (Lond.). British. 167, Westbrooke Road, Welling, Kent. 
Student. Signed by: G. H. Jeffery, J. S. Coe, G. Bulmer. 

*Marflitt, William, B.Sc. (Dunelm). British. 18, Punchbowl Lane, Dorking, Surrey. 
Chemist. Signed by: J. H. C. Nayler, P. Mamalis, D. O. Holland. 

Martin, Frederick Samuel, B.Sc. (Lond.), A.R.C.S., A.R.LC. British. 44, Foliat Drive, Wantage, 
Berks. Senior Scientific Officer. Signed by: J. M. Fletcher, J. S. Anderson, H. A. C. McKay. 

Mather, James. British. 97, Uld Hall Lane, Fallowfield, Manchester 14. Company Director and 
Chemist. Signed by: Harry Brindle, G. Norman Burkhardt, J. B. M. Herbert. 

*Mehta, Surendra Raj, B.Sc. (Wales). Indian. c/o Laboratory and Hardening Department, National 
Bearing Company Ltd., Jaipur, (Rajasthan), India. Metallurgist. Signed by: S. T. Bowden, 
J. H. Purnell, B. N. Ray. 

*Mercer, Alec Victor, B.Sc. (Lond.). British. 3, Newlands Avenue, Peel Green, Eccles, Nr. Manchester. 
Research Student. Signed by: J. S. H. Davies, E. G. Edwards, K. S. W. Sing. 

Mirza, Rafat, D.Phil (Oxon.). Indian. Safeena, Khairatabad, Hyderabad, India. Research Fellow 
in Chemistry, Hyderabad Government. Signed by: J. E. Saxton, F. A. L. Anet, L. J. Goldsworthy 


Research 
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*Moody, Donald Patrick. British. 2, Hyde Park Gardens, Winchmore Hill, N.21. Student, Kings 
College, London. Signed by: S. H. Harper, E. K. Rideal, D. H. Hey. 

*Painter, Terence John. British. 32, Shenley Road, Dartford, Kent. Student at Bristol University. 
Signed by: F.H. Pollard, G. E. Coates, R. C. Cass. 

*Peters, John, B.Sc. (Lond.). British. 70, Tintern Avenue, Kingsbury, N.W.9. Research Student, 
King’s College, London. Signed by: S. H. Harper, D. H. Hey, E. K. Rideal. 

Porter, George, B.Sc. (Leeds), Ph.D. (Cantab.). British. 196, Chesterton Road, Cambridge. University 
Demonstrator, Cambridge. Signed by: E. A. Moelwyn-Hughes, J. N. Agar, J. Chanmugan. 
*Potter, Edmund Ciarence, B.Sc. and Ph.D. (Lond.), A.R.I.C., D.L.C. British. 31, Burnaby Gardens, 
Chiswick, W.4. Physical Chemist at British Electricity Authority. Signed by: R. L. Rees, 

E. W. F. Gillham, F. F. Ross. 

*Purdy, Peter Devereux George. British. Downing College, Cambridge. Student. Signed by: F. G. 
Mann, P. Maitland, J. Harley-Mason. 

*Ridley, Sheila, B.Sc. (Manchester). British. Selwood, Avon Road, Hale, Altrincham, Cheshire. 
Research Student. Signed by: H. B. Henbest, T. G. Halsall, G. W. Wood. 

*Robson, John. British. 1, Ivanhoe, Monkseaton, Whitley Bay, Northumberland. Student, 
University College, Exeter. Signed by: S. J. Gregg, K. Schofield, H. T. S. Britton. 

Ross, Alan George, B.Sc. and Ph.D. (Edinburgh). British. Chemistry Department, The University, 
West Mains Road, Edinburgh 9. Research Chemist. Signed by: Mowbray Ritchie, Duncan 
Taylor, Neil Campbell. 

*Sanderson, Derek Malcolm. British. 104, Oaks Avenue, Worcester Park, Surrey. Industrial 
Research Chemist. Signed by: A. Bracken, R. Kerr, I. Greenfield. 

*Saunders, Peter Gwilym. British. 76, Aberdeen Park, Highbury, N.5. Student, Cambridge 
University. Signed by: F. G. Mann, P. Maitland, J. Harley-Mason. 

*Shan-Saabor, Richard William, Ph.C. British. 46, Addison Avenue, W.11. Manufacturing Chemist. 
Signed by: A. M. Cook, Wilfrid H. Linnell, James C. Duff. 

*Slater, Charles Albert. British. 23, Redhill Drive, Edgware, Middx. Student, Imperial College. 
Signed by: L. N. Owen, J. A. Elvidge, H. N. Rydon. 

*Sleep, Kenneth Claude. British. King’s College Hall, The Platanes, Champion Hill, S.E.5. Student. 
Signed by: S. H. Harper, D. H. Hey, E. K. Rideal. 

*South, Anthony Campbell. British. 87, Ashley Road, Walton-on-Thames, Surrey. Student, 
Cambridge University. Signed by: F. G. Mann, P. Maitland, B. Lythgoe. 

Stock, Douglas Alfred Irwin, B.Sc. and Ph.D. (Lond.), F.R.I.C. British. 43, The Woodlands, Esher, 
Surrey. Lecturer in Chemistry, Battersea Polytechnic. Signed by: V. S. Griffiths, J. E. Salmon, 
D. A. Everest. 

*Sutcliffe, Haydn. British. Camp Hall, Harland Way, Cottingham, E. Yorks. Student. Signed 
by: G. Barker, W. B. Orr, Brynmor Jones. 

*Sykes, Alan, B.Sc. (Birm.), A.R.I.C. British. 73, Sandymount Road, Wath-on-Dearne, Rotherham, 
Yorks. Research, Birmingham University. Signed by: M. Stacey, R. Belcher, J. C. Tatlow. 
*Tetlow, Alfred John. British. Lower Park House, Lindley, Huddersfield, Yorks. Student at 

Cambridge University. Signed by: F. G. Mann, P. Maitland, J. Harley-Mason. 

Tullock, Charles William, B.S. (Illinois), Ph.D. (Wisconsin). American. 2002, Washington Street, 
Wilmington, Delaware, U.S.A. Research Chemist. Signed by: Harold L. Jackson, M. J. Hogsed, 
R. E. Miegel. 

*Walbridge, Derek John, B.A. (Oxon.). British, Wadham College, Oxford. Research Student. 
Signed by: Harry Irving, D. Ll. Hammick, A. F. Thomas. 

Walker, John, B.Pharm. (Lond.) Ph.C. British. 41, Riseldine Road, Honor Oak Park, S.E.23. 
Assistant Lecturer in Pharmaceutical Chemistry, Chelsea Polytechnic. Signed by: A. H. Beckett, 
Douglas C. Harrod, L. Saunders. 

*Watkin, John Emrys. British. Hyfrydle, St. David's Road, Aberystwyth. Student. Signed by: 
F, G. Mann, P. Maitland, J. Harley-Mason. 

Whitlock, Ernest Arthur William, B.Sc. (Lond.), A.R.I.C. British. 44, Woodlands Avenue, Church 
End, Finchley, N.3. Chief Chemist and Manager. Signed by: D. W. Kent-Jones, A. J. Amos, 
C. W. Herd. 

*Williams, Allen Geoffrey, B.Sc. (Lond.). British. 42, Princess Street, Wrexham, Denbighshire. 
Laboratory Assistant, Shell Refining & Marketing Co. Ltd. Signed by: R. S. Airs, P. J. Garner, 
H. C. Evans. 

*Willis, Donald, B.Sc. (Sydney). British. 18, Henry Street, Gordon, N.S.W., Australia. Student. 
Signed by: R. J. W. Le Févre, T. Iredale, J. N. Baxter. 

*Wilson, Francis Neil. British. 14a, Surrey Road South, Bournemouth West, Hampshire. Student, 
Cambridge University. Signed by: J. H. Knox, A. G. Maddock, B. M. Roberts. 

*Wilson, Jeffrey. British. 71, Cowper Street, Leeds 7. Assistant Analyst, The Coal Tar Research 
Association, Gomersal, Nr. Leeds. Signed by: Leslie J. Wood, A. S. Harris, Raymond E. Dean. 

*Woodhouse, Harry George. British. Treleigh, Bodmin Road, St. Austell, Cornwall. Student. 
Signed by: F. Wild, Ben R. Brown, P. Maitland. 

*Young, John Harrison, B.A. (Cantab.). British. Rookhope, Ashwicken, Nr. King’s Lynn, Norfolk. 
Student, Cambridge University. Signed by: L. J. Haynes, D. Plant, W. J. Taylor. 
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UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Cavallito, Chester J., B.Sc. (Rutgers), M.A. and Ph.D. (Ohio State). American. Irwin, Neisler & 
Company, 410, North Morgan Street, Decatur, Illinois, U.S.A. Director of Laboratories. Signed 
by: Allan P. Gray. 

Gurien, Harvey, B.S. (Brooklyn College), M.S. (Penn.). American. 3045, Avenue X, Brooklyn 
29, New York, U.S.A. Research Fellow, Polytechnic Institute of Brooklyn. Signed by: E. Becker. 

Hein, Delton William, Ph.D. (Illinois). American. 80, Brookside Avenue, Apt. 7a, Somerville, New 
Jersey, U.S.A. Research Chemist, American Cyanamid Co., New Jersey, U.S.A. Signed by: 
Roger Adams. 

Hendrickson, Yngve Gust, B.Sc. (Mass. Inst. of Tech.). American. 463, Noyes Laboratory, University 
of Illinois, Urbana, Illinois, U.S.A. Assistant in the Chemistry Department, University of 
Illinois. Signed by: David Y. Curtin. 

Inskip, Harold Kirkwood, M.S. and Ph.D. (Yale). American. Department of Chemistry, University 
of Illinois, Urbana, Illinois, U.S.A. Research Fellow. Signed by: David Y. Curtin. 

Johnson, Harry William, S.B. (Mass. Inst. of Tech.). American. 463, Noyes Laboratory, University 
of Illinois, Urbana, Illinois, U.S.A. Graduate Student. Signed by: David T. Curtin. 

Knipmeyer, Hubert Elmer, S.B. (Mass. Inst. of Tech.). American. 463, Noyes Laboratory, University 
of Illinois, Urbana, Illinois, U.S.A. Graduate Student. Signed by: David Y. Curtin. 

Lahiri, Baidya Nath, M.Sc. and Ph.D. (Lond.), D.I.C. Indian. 76, South Audley Street, W.1. 
Ordnance Consulting Officer. Signed by: E. T. Osborne. 

Martin, Robert William, M.Sc. (Utah State Agricultural College). American. Walker Street, Lenox, 
Mass., U.S.A. Research Chemist. Signed by: Glenn D. Cooper. 

Mathias, Simao, D.Sc. (Sao Paulo). Brazilian. Rua Fernandes Borges 544, Vila Paulista, Sao Paulo, 
(S.P.), Brazil. Professor of Physical Chemistry, Sao Paulo University. Signed by: L. P. Hammett. 

Prosser, Herbert Charles, M.A. (Columbia). American. P.O. Box 1523, Stanford, California, U.S.A. 
Graduate Student, Stanford University. Signed by: G. Kritchevsky. 

Shepherd, James Willis, M.Sc. (Ohio State). American. Department of Chemistry, Purdue University, 
Lafayette, Indiana, U.S.A. Research Fellow. Signed by: H. Feuer. 

Trout, William Edgar, A.B. and Ph.D. (John Hopkins). American. Department of Chemistry, 
Unive-sity of Richmond, Virginia, U.S.A. Professor of Chemistry. Signed by: Garnett Ryland. 

Zaheer, Syed Husain, M.A. (Oxon), D.Sc. (Heidelberg). Indian. Central Laboratories for Scientific 
& Industrial Research, Hyderabad, Deccan, India. Director. Signed by: C. N. Hinshelwood. 


* Reduced annual subscription. 





PAPERS RECEIVED 


(List of papers received between November 13th and December 10th, 1951.) 

““Wood starches. Part II. The structure of the sapwood starch of the maple (Acer 
Spp.).’” By Ciinton E. BALLou and (the late) E. G. V. PERCIVAL. 

“‘Strychnine and brucine. Part LII. Conversion of the Wieland-Gumlich aldehyde into 
itsostrychnic acid.’’ By SiR ROBERT RoBInson and J. E. Saxton. 

“Studies with dithizone. Part IV. The dissociation constant of dithizone.’’ By 
H. IrvinG and C. F. BELL. 

“Coenzyme A. Part V. A new and convenient synthesis of pantetheine (Lactobacillus 
bulgaricus factor).’’ By J. BADDILEY and E. M. THAIN. 

“‘ Studies in the polyene series. Part XL. Preparation and properties of l-acetyl-2 : 6 : 6- 
trimethyleyclohexene.’’ By H. B. HENBEsT and GEORGE Woops. 

“‘ Studies in the polyene series. Part XLI. A new isomerisation product from citral.”’ 
By H. B. HEensBest, B. L. SHAw, and GEORGE Woops. 

““ The photo-oxidation of chlorophyll and related compounds. Part I. General features 
of photo-oxidation.’” By ALICE M. MCFARLANE and Mowsray RITCHIE. 

“Dithiols. Part XII. The alkaline hydrolysis of acetylated hydroxy-thiols. A new 
reaction for the formation of cyclic sulphides.’’ By L. W. C. Mires and L. N. Owen. 

“The preparation and properties of selenium tetrafluoride and oxyfluoride.’’ By E. E. 
AYNSLEY, R. D. PEAcockK, and P. L. RoBInson. 

“* New intermediates and dyes. Part III. Condensation of 4-/ert.-butylphthalic anhydride 
with acenaphthene. 6-t¢ert.-Butylquinizarin and derived cellulose acetate dyes. By 
BriAN W. LARNER and ARNOLD T. PETERS. 

“ Melanin and its precursors. Part IV. Synthesis of 8-3 : 4-dihydroxy-2-tolylalanine and 
8-3 : 4-dihydroxy-5-tolylalanine.’’ By R. 1. T. CRoMARTIE and JoHN HARLEY-MASON. 

“* Liquid-phase reactions at high pressures. Part VII. The high-pressure polymerisation 
of 1 : 2-dichloroethylene.’’ By K. E. WEALE. 





12 


** 2-Mercaptoglyoxalines. Part VI. The preparation of mono- and di-carbon substituted 
2-mercaptoglyoxalines by means of Dakin and West’s reaction.”’ By R. A. F. 
BULLERWELL and ALEXANDER LAWSON. 

Some new amine arylsulphonates.’’ By L. BAvER, J. N. BAXTER, J. CYMERMAN, and 
W. J. SHELDON. 

‘ Densities of some binary liquid mixtures. PartI.’’ By V.S. GRIFFITHS. 

The synthesis of thyroxine and related substances. Part IX. Analogues of thyroxine 
with modified side chains.’’ By R. C. Cookson and G. F. H. GREEN. 

Hysteresis in the transitions in ammonium chloride, nickelhexammine nitrate, silver 
mercuric iodide, hexachloroethane, and carbon tetrabromide.’’ By D. G. THomas, 
L. A. K. STAVELEY, and (Miss) A. F. CuLtis. 

Acylation reactions catalysed by strong acids Part VI. A comparison of zinc chloride 
and perchloric acid as catalysts for the Thiele acetylation of quinones.’ By 
H. Burton and P. F. G. PRAILL. 

‘ Tetrahydropyran-3 : 4-diol and 2: 2: 5: 5-tetramethyltetrahydrofuran-3 : 4-diol.”’ By 
OscAR HEUBERGER and L. N. OWEN. 

‘ Preparation of optically active lysine labelled with #C and ?5N.”’ By H.R. V. ARNSTEIN, 
G. D. HunTER, H. M. Mutr, and A. NEUBERGER. 

The synthesis of some 65-alkyl-2-methylbenzoic acids.’”’ By E. P. Taytor and 
G. E. Watts. 

‘Electrochemical measurements in pyridine. Part I. The system Cu—Cu*-Cu**.”’ 
By A. K. Gupta. 

Electrochemical measurements in pyridine. Part II. The redox potentials of some 
quinones.’’ By A. K. Gupta. 

The reactions of highly fluorinated organic compounds. Part I. The preparations and 
reactions of some perfluorochlorocyclohexanes.’’ By J. C. TATLow and R. E. 
WORTHINGTON. 

A new synthesis of l-amino-4-methylthioxanthone and of ‘ Miracil D’.”’ By D. Lt. 
Hammick and D. C. Munro. 

A study of the variations, produced by sublimation, in the infra-red spectra of some 
substituted succinic acids.’’ By L. A. DUNCANSON. 

The adsorption method of measuring surface areas.’’ By R. M. BARRER, N. MACKENZIE, 
and D. MACLEOD. 

Strychnine and brucine Part LIII. Compounds of phenols and certain strychnine 
derivatives.’’ By J. T. EDWARD and SIR ROBERT ROBINSON. 

Structure—property relationships in polyethylene terephthalate copolymers. Part I. 
Melting points.’’ By O. B. EpGaAR and E. ELLERY. 

Structure—property relationships in polyethylene terephthalate copolymers. Part II. 
Second-order transition temperatures.’” By O. B. EDGAR. 

22-isoalloSpirost-8(14)-en-38-ol and 38-hydroxyallopregn-8(14)-en-20-one."" By 
O. MANCERA, D. H. R. Barton, G. ROSENKRANZ, and CARL DJERAsSI. 

Internuclear cyclisation. Part III. An extension of the Pschorr phenanthrene synthesis 
to the synthesis of phenanthridones.’’ By R. A. HEAcocK and D. H. Hey. 

Internuclear cyclisation. Part IV. The preparation of 0-amino-a-benzylcinnamic 
acid.’” By A. AsHDown and D. H. HEy. 

Syntheses in the morphine series. Part III. Further experiments with §-tetralone.” 
By J. A. BARLTROP and J. E. SAxTON. 

Studies in co-ordination chemistry. Part XI. New types of cuprous-tertiary arsine 
complexes.’’ By R.S. NYHOLM. 

A correction to ‘ Magnetochemistry of the heaviest elements. Part V. Uranium 
tetrafluoride-thorium tetrafluoride solid solutions.’’’ By J. K. DAwson. 

‘The infra-red spectra of organo-phosphorus compounds. Part II. Esters, acids, and 
amines.”’ By L. J. BELLAMY and L. BEECHER. 

‘“‘Some reactions of oxazole-4-carboxylic acids.’’ By J. W. CoRNFORTH and (in part) 
Mrs. E. Cookson. 
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“Metal ammine formation. Part I. A general discussion of factors influencing the 
stability of metal ammines and complex ions.’’ By W.S. FYFE. 

‘“* The stereochemistry of 2 : 2’-bridged derivatives of diphenyl.’ By F. BELL. 

“* Picrotoxin and tutin. Part V. The dehydration of picrotin, and some alkaline degrada- 
tions.” By S. N. SLATER and A. T. WILSON (with an appendix by M. SuTTEeR and 
E. SCHLITTLER). 

“Kinetics of the interaction of hydrogen chloride with styrene in presence of stannic 
chloride... By Gwyn WILLIAMS and (Mrs.) HETTY BARDSLEY. 

““Synthetic neuromuscular blocking agents. Part III. Miscellaneous quaternary 
ammonium salts.’’ By E. P. TAYLOR. 

““Experiments bearing on the synthesis of cortisone. Part I. Some cyclopentenone 
derivatives.’” By R. M. ACHESON and SIR ROBERT ROBINSON. 

““ Amine N-glycosides. Part II. The influence of water on the preparation of arylamine 
N-glycosides.’’ By G. P. ELLIs and JoHN HONEYMAN. 

“Compounds containing the 3:5: 5-trimethylhexyl skeleton. Part II.’ By 
E. E. TURNER and L. TURNER. 

“* Studies in the polyene series. Part XLII. Some reactions of cyclohexenyl-lithium with 
polyene aldehydes.’’ By E. A. Braupge, T. Bruun, B. C. L. WEEDON, and 
R. J. Woops. 

“* Alkenylation employing lithium alkenyls. Part VI. The synthesis and properties of 
some 6: 6-dimethylcyclohexenyl derivatives.”” By E. A. BrRaAubE, T. Bruun, 
B. C. L. WEEDON, and R. J. Woops. 

“‘ Alkenylation employing lithium alkenyls. Part VII. The reaction of isobutenyl- 
lithium with ethylenic ketones.”’ By E. A. BRAUDE and J. A. COLEs. 

‘‘ Reaction of primary amines with benzoyl-o-hydroxybenzoylmethanes, and the prepara- 
tion of derivatives of 4-iminoflavone.’’ By WiLson Baker, J. B. HARBORNE, and 
W. D. OLLIs. 

“* Some properties of 4-thionflavone, its methiodide, and of 4-thiochromones.’’ By WILSON 
BaAxER, J. B. HARBORNE, and W. D. OLLIs. 

‘“‘Condensation products of phenols and ketones. Part VIII. Proof of the flavan 
structure of the dimerides of 0-isopropenylphenol, and of 3-isopropenyl-o- and 
-p-cresols.’’ By WILSON BAKER, R. F. Curtis, and J. F. W. McOmie. 

“Fatty acids. Part 1. 9-Hydroxyoctadec-12-enoic acid, a new hydroxy-acid occurring 

in Strophanthus sarmentosus seed oil.’’ By F. D. GUNSTONE. 

‘ o-Halogenenomethyl-pyridines, -quinolines, and -tsoquinolines. Part III. Note on the 
reduction of wwe-tribromoquinaldine by alcohol in the presence of sulphuric acid. 
By A. ASTELL-Burt and D. LL. HAMMICK. 

““Polyene acids. Part IV. The three geometrical isomers of ««’-dimethylmuconic 
acid.”’ By J. A. ELvipGE, R. P. LINSTEAD, and JOHN F. SMITH. 

“‘ Attempts to prepare a possible metabolite of ‘‘ Paludrine ’’ (proguanil, B.P.), and related 

1 : 3: 5-triazines.”” By STANLEY BIRTWELL. 

“‘ Isomorphous replacement in hydrated salts. Part III. The systems CdCl,-M"Cl,-H,O 
(M = Mg, Mn, Fe, Cu, or Ca), with a discussion of certain solid solutions found in 
these systems.’’ By HENRY BASSETT and ROBERT N. C. STRAIN. 

“‘ Adsorption from binary mixtures. Part I. Comparison of adsorption from liquid and 
vapour phases.’’ By J. J. KipLinc and D. A. TESTER. 

“‘ Adsorption from binary mixtures. Part II. A kinetic treatment of adsorption from 
saturated vapours.’” By J. J. Krprinc and D. A. TESTER. 

“‘ Adsorption from binary mixtures. Part III. Application of a kinetic treatment to 
liquid mixtures.’’ By J. J. KipLinc and D. A. TESTER. 

“The alums. PartI. A study of the alums by measurements of their aqueous dissocia- 
tion pressures.’” By J. R. I. HEPBURN and R. F. PHILLIPs. 

“Thealums. PartII. A theory of hydrate dissociation and aqueous dissociation pressure 
with particular reference to the alums.’’ By R. F. PHILLIPs. 

“‘The spectrophotometric determination of the ionisation constants of aromatic nitro- 
compounds.” By J.C. D. BRAND, W. C. HorninG, and M. B. THORNLEY. 
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“The hydrothermal chemistry of silicates. Part II. Synthetic crystalline sodium 
aluminosilicates.’’ By R. M. BARRER and E. A. D. WHITE. 

‘‘ Reaction with diazomethane and its derivatives. Part III. (a) Action of diazomethane 
on 2-arylideneindane-1 : 3-diones. (5) Action of diazomethane and its derivatives on 
methyleneanthrone.’’ By AHMED MusTaAFA and MustaAFA KAMAL HILmy. 

“‘The tautomerism of N-hetero-aromatic amines. Part I.’’ By S. J. ANGYAL and 
C. L. ANGYAL. 

‘* Syntheses in the piperidine series. Part I. 
preparation of related compounds.’’ By K. BowDEN and P. N. GREEN. 

‘ The kinetics of chlorohydrin formation. Part IV. The reaction between hypochlorous 
acid and ethyl crotonate in the presence of sodium acetate—acetic acid buffers of 
constant pH.”’ By K. D. REEVE and G. C. ISRAEL. 

“‘ Studies on phosphorylation. Part X. The preparation of tetraesters of pyrophosphoric 
acid from diesters of phosphoric acid by means of exchange reactions.’ By 
N. S. CorBy, G. W. KENNER, and A. R. Topp. 

“Steroids and related compounds. Part XIV. 
36 : 68-diol.’’ By B. ELtis and V. PETRow. 

“Effect of methylation on the light absorption of phenols.”’ 
J. T. CHAMBERLAIN. 

“‘ o-Mercapto-azo-compounds. Part II. 
A. Burawoy and C. TURNER. 

““ Nucleophilic displacement of fluorine from organic compounds. 
the reactions of alkyl fluorides with ethanolic sodium ethoxide.”’ 
and J. L. Levy. 

Nucleophilic displacement of fluorine from organic compounds. 
catalysed solvolysis of alkyl fluorides in aqueous ethanol.’ 
J. L. Levy. 

“ Isotopic tracer studies of pyrolytic reactions. 

By J. Bett and R. I. REED. 

‘“‘ Interpretation of surface areas of fatty acid films.’’ By J. J. KipLinec and A. D. Norris. 

“‘ The composition of acetic acid-water mixtures.’’ By J. J. KIPLING. 

‘“‘ The synthesis of laminaribiose (3-8-D-glucosyl D-glucose), and proof of its identity with 
laminaribiose isolated from laminarin.’””’ By P. Bacuii and (the late) 
E. G. V. PERCIVAL. 

‘‘ Ton-exchange resins as catalysts in the hydrolysis of esters.”’ 
G. GARROD THOMAS. 


A facile synthesis of 4-piperidinol, and the 


58-Methyl-19-norcoprost-9(10)-en- 
By A. BurAwoy and 


1-(1-Mercaptonaphthyl-2-azo)-2-naphthol.”’ By 
Part II. Kinetics of 

By N. B. CHAPMAN 
ve Part III. Acid- 
By N. B. CHAPMAN and 


Part I. The formation of acetaldehyde.” 


By C. W. Davies and 


ADDITIONS TO THE LIBRARY 


[Prague 1951.] pp. 865; 194. (Reference.) 
From Professor J] Heyrovsky and the Central 
Polarographic Institute, Prague. 
McDoNALD, DONALD. Percival Norton 
Johnson; the biography of a pioneer metal- 
lurgist. London 1951. pp. 224. ill. (Recd. 
10/12/51.) From the Publishers : 
Messrs. Johnson, Matthey & Co., Ltd. 
MENLEY & JAMES, LTD. Literature Re- 
search Department. A survey of some recent 


I. Donations 

BUTLER, JOHN ALFRED VALENTINE. 
Editor. Electrical phenomena at interfaces in 
chemistry, physics and biology. London 1951. 
pp. vii + 309. ill. Methuen 32s. (Recd. 
3/12/51.) From the Editor. 

CANADA, DOMINION OF. Department of 
Agriculture. Experimental Farm Service. 
Technical Bulletin No. 68. (Publication No. 
813.) Production of juices; their manufac- 


ture, chemical aspects and laboratory control. 
By F. E. ATKINSON and C. C. STRACHAN. 
Summerland, B.C. 1949. pp. 62. ill. [Two 
copies. | From the Department. 

INTERNATIONAL POLAROGRAPHIC CON- 
GRESS, Ist. Prague, 1951. Proceedings. 
Part 1. [Communications from abroad.) 
Part 2. Polarographic bibliography, 1922—50 


articles on the chemotherapy of urinary-tract 

infections. London 1951. pp. 16. (Reference.) 

From the Director. 

NOLLER, CARL ROBERT. Textbook of 

organic chemistry. Philadelphia 1951. pp. 
ix + 643. ill. 29s. (Recd. 13/12/51.) 

From the Publishers : 

Messrs.W. B. Saunders Co., Ltd. 
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[UNITED NATIONS]. World Health Organ- 
ization, Pharmacopoea internationalis. Vol. 
1. Geneva 1951. pp. xviii + 406. (Bulletin 
of the World Health Organization, Supplement 
2.) (Reference.) 365s. From the Director. 

VOGEL, ARTHUR ISRAEL A text-book of 
practical organic chemistry including qualit- 
ative organic analysis. London 1951. pp. 
xxiii + 1033. ill. Longmans. 50s. (Recd. 
10/12/51.) 

A text-book of quantitative inorganic 
analysis; theory and practice. 2nd edition. 
London 1951. pp. xxiii + 918. ill. Long- 
mans. 48s. (Recd. 10/12/51.) 

From the Author. 


Il. By Purchase 


BAILEY, ALTON E. Industrial oil and fat 
products. 2nd edition. New York 1951. 
pp. xxiv + 967. ill. Interscience. $15. 
(Recd. 3/12/51.) 

Born, MAX. Atomic physics. 5th edition, 
revised by the author from the original trans- 
lation of JoHN DouGaLt. London 1951. pp. 
xiv + 437. ill. Blackie. 35s. (Recd. 
3/12/51.) 

BRITISH PLASTICS CONVENTION, 1951. 
Plastics progress; papers and discussions. 
Edited by PuHILtip MorGcan. London 1951. 
pp. vili+ 310. ill. (Reference.) Iliffe (for 
British Plastics). 50s. 

Brown, A. W. A. Insect control by 
chemicals. New York 1951. pp. vii + 817. 
ill. Wiley. $12.50. (Recd. 3/12/51.) 

CHATFIELD, HERBERT WALTER. Glossary 
of terms used in the paint, varnish and allied 
trades. London [1951]. pp. 199. (Reference.) 
Scott Greenwood. 30s. 

FIELD, SAMUEL, and WEILL, A. DUDLEY. 
Electro-plating ; a survey of modern practice, 
including the analysis of solutions. 6th 
edition. London 1951. pp. x + 546. ill. 
Pitman. 20s. (Recd. 3/12/51.) 

GUGGENHEIM, MARKUS. Die _ biogenen 
Amine und ihre Bedeutung fiir die Physiologie 
und Pathologie des pflanzlichen und tierischen 
Stoffwechsels. 4th edition. Basel 1951. pp. 
xv + 619. S. Karger. 75 Sw. frs. (Recd. 
3/12/51.) 

HARRIS, 


LESLIE JULIUS. 
digest of curtent knowledge. 


Vitamins; a 
London 1951. 
pp. xii + 244. ill. 15s. (Reed. 
3/12/51.) 

HEERMANN, PAUL. Farberei- und textil- 
chemische Untersuchungen. 8th edition. By 
ANDREAS AGSTER. Berlin 1951. pp.vi + 438. 
ill. Springer. DM 34.50. (Recd. 3/12/51.) 

KOGLIN, WALDEMAR. Editor. Kurzes 
Handbuch der Chemie; die Eigenschaften der 


Churchill. 


Elemente und Verbindungen. Vol. 1. A— 
Bix. Géttingen 1951. pp. 432. (Reference.) 
Vandenhoeck & Ruprecht. DM 39.50. 

Kraus, EDWARD HENRY, HUNT, WALTER 
FRED, and RAMSDELL, LEWIS STEPHEN. 
Mineralogy; an introduction to the study of 
minerals and crystals. 4th edition. New York 
1951. pp. ix + 664. ill. McGraw-Hill. 
$7.50. (Recd. 3/12/51.) 

MARCH, ARTHUR. Quantum mechanics of 
particles and wave fields. New York 1951. 
pp. x + 292. Wiley. $5.50. (Recd. 3/12/51.) 

MINERALOGICAL SOCIETY. Clay Minerals 
Group. X-Ray identification and crystal 
structures of clay minerals. Edited by G. W. 
BRINDLEY. London 1951. pp. vii + 345. 
ill. The Society. 35s. (Recd. 19/11/51.) 

MONYPENNY, JOHN HENRY GILL. Stain- 
less iron and steel. 3rd edition. Vol. 1. 
Stainless steels in industry. London 1951. 
pp. xii + 524. ill, Chapman & Hall. 465s. 
(Recd. 3/12/51.) 

MORRELL, ROBERT SELBY. Editor. Syn- 
thetic resins and allied plastics. 3rd edition 
edited by HAROLD MCKEE LANGTON. London 
1951. pp. xvii + 747. ill. Oxford Univ. 
Pr. 50s. (Recd. 3/12/51.) 

NACHTRIEB, NORMAN H. Principles and 
practice of spectrochemical analysis. 
York 1950. pp. x + 324. ill. 
$4.50. (Recd. 19/11/51.) 

OTTEMAN, JOACHIM. Uber Lésung und 
Hydratation des Anhydrits. Ein Beitrag zur 
Grundlagenforschung des Anhydrits als Binde- 
baustoff. Berlin 1950. pp. 16 + 8 plates. 
(Abhandlungen der geologischen Lande- 
sanstalt, Berlin. Heft 219.) (Reference.) 
Akademie-Verlag. 10s. 10d. 

Royps, R. The measurement and control 
of temperatures in industry. London 1951. 
pp. vii + 260. ill. Constable. 25s. (Recd. 
3/12/51.) 

SOCIETY FOR EXPERIMENTAL BIOLOGY. 
Symposium No. 5. Carbon dioxide fixation 
and photosynthesis. Cambridge 1951. pp. vii 
+ 342. ill. (Reference.) Camb. Univ. Pr. 42s. 

ULLMANNS ENCYKLOPADIE DER TECH- 
NISCHEN CHEMIE. 3rd edition. Vol. 1, etc. 
Edited by WILHELM FOERST. Miinchen 
1951+. (Reference.) Urban & Schwarzen- 
berg. DM 80 (vol. 1). 

WAHL, ARTHUR C., and BONNER, Nor- 
MAN A. Editors. Radioactivity applied to 
chemistry. New York 1951. pp. xv + 604. 
ill. Wiley. $7.50. (Recd. 3/12/51.) 

WyckorF, RALPH WALTER GRAYSTONE. 
Crystal structures. 2 vols. and supplement to 
Vol. 1. New York 1948-51. [Loose-leaf, 
various pp.] (Reference.) Interscience. $22. 


New 
McGraw-Hill. 
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SCIENTIFIC MEETINGS DURING MARCH, 1952 





LONDON. 
Thursday, March 13th, at 7.30 p.m. 
The following papers will be read and discussed : 


“ Ajmaline. PartI.”” By F. A. L. Anet, D. Mukherji (Mrs. R. M. Chakravarti), 
Sir Robert Robinson, and E. Schlittler. 

“The Chemistry of the Triterpenes. Part XI. The Conversion of Lupeol 
into Germanicol (tsoLupeol). The Structure of Lupeol Hydrochloride.” By 
T. G. Halsall, E. R. H. Jones, and G. D. Meakins. 

“The Chemistry of the Triterpenes. Part XII. The Action of Formic 
Acid on Lupeol.” By T. R. Ames, G. S. Davy, T. G. Halsall, and 
E. R. H. Jones. 


Abstracts of the Papers for discussion may be obtained from the General Secretary. 


Thursday, March 27th, at 7.30 p.m. 
Hugo Miiller Lecture, The Chemical Exploration of the Stratosphere, by 
Professor F. A. Paneth, Ph.D., F.R.S. 
ABERDEEN. 
Friday, March 28th, at 7.30 p.m. 
Lecture, Chromatography, by Dr. R. L. M. Synge. Joint meeting with the Royal 
Institute of Chemistry and the Society of Chemical Industry to be held in the 
Chemistry Department, Marischal College. 
BIRMINGHAM. 
Friday, March 14th, at 4.30 p.m. 


Lecture, The Formation of Hydrogen Atoms in Aqueous Solution, by Professor F. S. 
Dainton, M.A., Ph.D. Joint meeting with the University Chemical Society 
to be held in the Chemistry Lecture Theatre, The University, Edgbaston. 


EDINBURGH. 


Thursday, March 20th, at 7.30 p.m. 


Lecture, Chemistry of the Hemicelluloses, by Professor E. L. Hirst, LL.D., F.R.S. 
Joint meeting with the Royal Institute of Chemistry and the Society of 
Chemical Industry to be held at the North British Station Hotel. 


EXETER. 


Thursday, March 13th, at 5.30 p.m. 


Lecture, Some Aspects of Physical Oceanography in Antarctic and Sub-antarctic 
Waters, by Dr. H. F. P. Herdman. Joint meeting with the Royal Institute of 
Chemistry and the Society of Chemical Industry to be held at the Technical 
College, Tavistock Road, Plymouth. 





GLASGOW. 


Friday, March 7th. 
Ramsay Chemical Dinner at Beresford Hotel, Sauchiehall Street. 


IRISH REPUBLIC. 
Friday, March 7th, at 8 p.m. 


Lecture, Recent Advances in Nucleotide Chemistry, by Professor A. R. Todd, D.Sc., 
F.R.S. Joint meeting with The Werner Society to be held in the Chemistry 
Department, Trinity College, Dublin. 


LEEDS. 
Tuesday, March 4th, at 6.30 p.m. 


Lecture, New Approaches to the Study of Combustion, by Professor R. G. W. 
Norrish, Sc.D., F.R.S. Joint meeting with the University Union Chemical 
Society to be held in the Department of Chemistry, The University. 


LIVERPOOL. 
Thursday, March 6th, at 4.30 p.m. 


Lecture, Some Aspects of the Chemistry of Group Iv Elements, by Professor W. 
Wardlaw, C.B.E., D.Sc., F.R.I.C. Joint meeting with the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the British Association of 
Chemists to be held in the Chemistry Lecture Theatre, The University. 


MANCHESTER. 
Thursday, March 27th. 


One-day Symposium on Ion-exchange Resins. Joint meeting with the Royal 
Institute of Chemistry, the Society of Chemical Industry, and the Institute of 
Physics to be held in the Chemistry Lecture Theatre, The University. 


NEWCASTLE AND DURHAM. 
Friday, March 7th, at 4.30 p.m. 


Meeting for the reading of original papers. 


NORTH WALES. 
Tuesday, March 4th, at 4 p.m. 


Lecture, Medical Uses of Polysaccharides, by Professor M. Stacey, D.Sc., F.R.S. 
Joint meeting with the University College of North Wales Chemical Society 
to be held at the Edward Davies Chemical Laboratories, Aberystwyth. 


NOTTINGHAM. 
Thursday, March 13th, at 4.45 p.m. 


Lecture, Starch Metabolism in the Higher Plants, by Professor S. Peat, D.Sc., F.R.S. 
Joint meeting with Nottingham University Chemical Society to be held in the 
Chemistry Lecture Theatre, The University. 





ST. ANDREWS AND DUNDEE. 
Friday, March 7th, at 5.15 p.m. 

Lecture, Some Aspects of Aromatic Substitution, by Professor Brynmor Jones, 
Sce.D., Ph.D., F.R.LC. Joint meeting with St. Andrews University Chemical 
Society to be held in the Chemistry Department, United College, St. Andrews. 

SHEFFIELD. 
Thursday, March 6th, at 5.30 p.m. 

Lecture, The Molecular-orbital Theory of Organic Chemistry, by Professor M. J. S. 
Dewar, M.A., D.Phil. Joint meeting with the University Chemical Society 
to be held in the Chemistry Lecture Theatre, The University. 

SOUTHAMPTON. 
Friday, March 7th, at 5 p.m. 


Lecture, The Mechanism of the Breakdown of Macromolecules, by Professor H. W. 
Melville, D.Sc., F.R.S. Joint meeting with the University College Chemical 
Society to be held in the Physics Department, University College. 


Friday, March 14th, at 5 p.m. 
Lecture, The Biochemistry of Fluoroacetate Poisoning, by Sir Rudolph Peters, 
M.C., M.A., F.R.S. Joint meeting with the University College Chemical 
Society to be held in the Physics Department, University College. 
SOUTH WALES. 


Friday, March 7th, at 5.30 p.m. 


Lecture, The Development of Organic Chemistry during the 20th Century, by Sir Ian 
Heilbron, D.S.O., D.Sc., F.R.S. Joint meeting with University College of 
Swansea Chemical Society to be held in the Chemistry Department, University 
College, Swansea. 


Friday, March 14th, at 5.30 p.m. 


Lecture, The Combination of Metals and Non-metals, by Dr. U. R. Evans, M.A., 
F.R.S. Joint meeting with the Royal Institute of Chemistry and University 
College of Swansea Chemical Society to be held in the Chemistry Department, 
University College, Swansea. 








OFFICIAL ANNOUNCEMENTS 
DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 
William Cornish Badcock (Bristol) . 3rd, 1903. Dec. 29th, 1951. 
John Dixon Brunton (Musselburgh) . 7th, 1893. July 5th, 1951. 
Arthur Charles Davall (E.C.3) y 6th, 1920. Aug. 23rd, 1951. 
Alfred Gravely Howard (East Hoathly) . 7th, 1892. Oct. 17th, 1951. 
Alfred Francis Joseph (Harpenden) . Ist, 1904. Oct. 5th, 1951. 
John Robert Loofbourow (Cambridge, U.S.A.) . 19th, 1939. Jan. 1951. 
Charles Henry Parker (Wolverhampton) . 4th, 1897. Dec. 8th, 1951. 
Henry Stanley Raper (Manchester) ‘eb. 16th, 1911. Dec. 12th, 1951. 
Bertie James Waygood (Stockport) . 16th, 1911. April 10th, 1951. 
Percy Charles Henry West (London, W.C.2) ‘eb. 18th, 1909. April 23rd, 1950. 


CONGRATULATIONS. 
The President has conveyed the congratulations of the Society to the following Fellows 
whose names appear in the Birthday Honours List for 1952 : 
Knight Bachelor. 
Rudolph Albert Peters (Oxford). 
C.B.E. 
Thomas Percy Hilditch (Birkenhead). 


Frederick Measham Lea (Watford). 
SCIENTIFIC PUBLICATIONS GRANT-IN-AID. 


The Society has received through the Royal Society a further grant of £3000 towards 
the cost of publications for 1951 from the Government Scientific Publications Grant-in-Aid, 
making a total of £5300, including £300 for capital expenditure on the Library. 


GIFTS OF PUBLICATIONS. 


Acknowledgment is made of gifts of the Society’s publications from Dr. A. F. Campbell, 
Mr. B. N. Feitelson, Dr. H. H. Hughes, Dr. F. O. Isaac, Mr. W. I. Taylor, and Messrs. 
J. Lyons and Co., Ltd. 


LOCAL REPRESENTATIVE—GLASGOW. 


The Council has accepted with regret the resignation of Dr. J. C. Speakman as Local 
Representative for Glasgow, and has appointed Dr. F. D. Gunstone as his successor. 


ELECTION OF NEW FELLOWS 
The following 89 candidates were elected Fellows of the Society on January 24th, 1952: 


Dennis Anderson. Renate Ursula Born. 
George Washington Anderson. Brian Brocklehurst. 
Renato Andrisano. Adrian Gibbs Brook. 
Andrew Johnston Armstrong. Frederick Brown. 

Harold Baum. Gabriel John Buist. 
Gerhard Werner Benkendorff. Alan Frederick Casy. 
Albert James Betterton Wilfred Rupert Chan. 
David John Martin Bevan. Peter John Child. 

Peter Gerald Blake. Donald John Clark. 

Elkan Rogers Blout. Martino Colonna. 

Derek Bodger. William Thomas Cresswell. 
Louis Dennis Corydon Bok. David George Herbert Daniels. 





Selby Brinker Davis. Ivan Archibald Learmouth. 
Edwin Richard Dimond. Michael John Wells Lee. 
Maurice John Dyer. : Dennis Lif. 

Albert Barfield Eason. Angelo Mangini. 

John Frederick Ellis. John Denholm McKendrick McConnell. 
Jackson Pollard English. Dennis Gordon Michael. 
Ian Ferguson. — Stuart Mills. 

Peter Beaumont Flegg. enneth Duxbury Moss. 
Peter Charles Freeman. Ahmed Mortoza. 

Brian Gadsby. Daniel Booth Mulholland. 
Adrian Mourse Gammill. Alan Arthur North. 

John Arthur René Genge. Gerald Frederick Oppenheim. 
Joseph Green. Raphael Pappo. 

Peter John Felix Griffiths. Colin Paterson. 

Arthur Clare Halfpenny. Placide A. Plattner. 

Lyle A. Hamilton. Alan Humphrey Raper. 
Gerald Douglas Harden. Alaric Louis Jeffrey Raum. 
John Marcus Harrison. Stanley Arthur Ridgwell. 
James Sumner Harrison. Richard Owen Roblin. 
Garth Winton Hastings. Henry Shirley Rothrock. 
Thomas Geoffrey Heggs. Keith Rothwell. 

Jack Anthony Holmes. Norbert Singer. 

Kenneth Charles Hooper. Fred Walford Stringer. 
George Eric Howard. George Leslie Sutherland. 
Beaumont Percy Hughes. Vincent Roy Switsur. 

Cecil Raymond Humphrey-Smith. John Herbert Topps. 
Kenneth Keith Innes. James Robert Vaughan. 
Ahmad Medhat Islam. Harry Edward Westlake. 
Peter Marshall Jones. Trevor Illtyd Williams. 

T. Earl Jordan. Peter Whiston Wilson. 
Richard Thomas Keller. Joshua Kin Hei Wong. 
Irving Charles Kogon. Victor Oswald Young. 
Stephen Kraychy. 


NOMENCLATURE SUB-COMMITTEE (cf. Proceedings, 1951, 100). 


A Sub-Committee has been set up to consider the designation of stereoisomers. It 
consists of Dr. D. H. R. Barton, Professor H. Burton, Professor M. Stacey, and 
Professor E. E. Turner, together with Dr. A. Neuberger and Dr. T. S. Work, representing 
the Biochemical Society, and Dr. L. C. Cross as Secretary. It is envisaged that this Sub- 
Committee will act in consultation with the appropriate American Committee. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday, January 24th, 1952, at 7.30 p.m. 


The President, Str Eric RIDEAL, M.B.E., M.A., D.Sc., F.R.S., was in the Chair. 


MINUTES. . 

The Minutes of the Scientific Meeting held at Burlington House on December 13th, 
1951, were read, and were confirmed and signed. 
VACANCIES ON COUNCIL FOR 1952. 

The list of vacancies on Council due to be filled at the Annual General Meeting to be 
held on April 16th, 1952, was read. 
FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: R. L. Stephens, J. Hudson, 
R. W. Nurse, E. C. Roper. 
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MEMORIAL LECTURE. 


After a brief introduction, the President called upon Professor W. E. Garner, C.B.E., 
D.Sc., F.R.S., to deliver the ‘‘ Gustav Tammann’”’ Memorial Lecture. At the conclusion 


of the Lecture, a vote of thanks, proposed by Professor A. R. Ubbelohde, was carried with 
acclamation. 


MEETINGS OUTSIDE LONDON 
BIRMINGHAM. 


“ Cortisone,’’ by Professor C. W. Shoppee, D.Sc., F.R.I.C. 

A joint meeting with the University Chemical Society was held in the Chemical Lecture 
Theatre of the University on December 7th, 1951, with Professor M. Stacey, F.R.S., in 
the Chair. 

After a brief survey of the chemistry and physiology of the adrenal gland, the sequence 
of events leading to the discovery of the antirheumatic activity of cortisone was described. 
The methods available for the synthesis of the 17$-oriented dihydroxyacetone side chain 
were considered, and the routes leading to the introduction of an oxygen atom at Cy) 
were reviewed. Finally, the four published syntheses of cortisone, two of which are total 
syntheses, were outlined, and a brief reference was made to ACTH and the apparent 
inactivity of various cortisone analogues. 


After an interesting discussion a vote of thanks, proposed by Dr. W. Wilson, was carried 
with acclamation. 


SOUTHAMPTON, 


‘““Some Recent Developments in the Chemistry of the Heaviest Elements,” by 


Dr. J. S. Anderson. 


A joint meeting with the Mid-Southern Counties Section of the Royal Institute of 
Chemistry and the Chemical Society of University College, Southampton, was held in the 
Physics Department, University College, on December 7th, 1951, with Mr. E. A. S. Cavell 
in the Chair. 

Dr. Anderson discussed the chemical properties and valency relations of elements 
89—96, both from the point of view of horizontal similarities and from that of the normal 
vertical relationships of the Periodic Table. He also outlined recent magnetochemical 
work bearing on the electronic structures of the heaviest elements. The lecture was 
illustrated by diagrams and slides. 

After the discussion, a vote of thanks to Dr. Anderson was proposed by Dr. A. R. Burkin 
and heartily accorded. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for February, 1952. Such objections 
will be treated as confidential. The forms of application are available in the Library.) 


Ahmad, Kamaluddin, Ph.D. (Wisconsin), M.Sc. (Dacca). Pakistani. Department of Organic 
Chemistry, The University, Glasgow, W.2. Nuffield Foundation Dominion Travelling Fellow in 
Natural Sciences. Signed by: W. Carruthers, A. T. Scott, L. Hunter. 

*Alexander, Rosemary Eugenie, B.A. and B.Sc. (T.C.D.). British. 20, Plantation Road, Oxford. 
Research Student at Dyson Perrins Laboratory, Oxford. Signed by: D. H. Hayes, J. A. Alexander, 
S. R. Duff. 

*Ansell, Frank Stanley. British. 29, Lane Green Road, Codsall, Staffs. Student at Wolverhampton 
and Staffordshire Technical College. Signed by: J. Sutton, J. C. Wiltshire, S. L. Kidman. 

Banus, Joan, M.A. and Ph.D. (Cantab.). British. 27, Eton Rise, London, N.W.3. Assistant Lecturer 
at University College, W.C.1. Signed by: R.S. Nyholm, E. D. Hughes, E. L. Blackall. 
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Barnes, Ronald Sidney, M.Sc. and Ph.D. (Wales). British. 5, St. Ninian’s Road, Corstorphine, 
Edinburgh, 12. Research Chemist. Signed by: William Smith, J. F. McGechen, J. H. Adam. 

*Bassey, Michael. British. 67, Broxbourne Road, Orpington, Kent. Student at University College, 
W.C.1. Signed by: Henry Terrey, R. J. Gillespie, R. S. Nyholm. 

*Bergman, Imanuel, B.Sc. (Glas.). British. 76, Pollok Street, Glasgow, C.5. Research Student at 
Glasgow University. Signed by: Norman Grassie, J. B. Speakman, J. C. James. 

*Berrie, Alistair Howard, Ph.D. (Glas.), A.R.I.C. British. 199, Crescent Road, Crumpsall, Manchester, 
8. Technical Officer in Research Department at Imperial Chemical Industries, Manchester, 9. 
Signed by: N. Barton, A. D. Ainley, H. C. Carrington. 

*Beton, John Lonsdale, B.Sc. (Manc.). British. Withens, Walker Lane, Sutton, Macclesfield, Cheshire. 
Research Student at Manchester University. Signed by: David C. Eaton, George F. Smith, 
H. B. Henbest. : 

*Brown, Roger Frederick Challis. British. 29, Fullers Road, Chatswood, New South Wales, 
Australia. Student. Signed by: R. J. W. Le Févre, T. Iredale, J. W. Loder. 

Brubaker, Merlin Martin, B.A. (Carleton College), M.S. and Ph.D. (Illinois). American. Du Pont 
Experimental Station, Wilmington, Delaware, U.S.A. Research Chemist. Signed by: M. J. 
Hogsed, C. J. Harrington, H. Lewis. 

*Buckley, Donald, B.Sc. (Manc.). British. 585, Broadway, Chadderton, Oldham, Lancs. Research 
Chemist at Manchester University. Signed by: H. B. Henbest, T. G. Halsall, E. R. H. Jones. 

Bullock, Frederick Norman. British. Department of Pathology, Shenley Hospital, Shenley, Nr. St. 
Albans, Herts. Senior Technologist, Biochemical Laboratory. Signed by: R. W. Aleong, 
H. A. Collinson, P. Halton. 

*Burgess, Joseph Stuart, B.Sc. (Lond.). British. 118, Blenheim Road, Barnsley, Yorks. Research 
Student at University College, W.C.1. Signed by: E. D. Hughes, C. K. Ingold, C. A. Bunton, 
J. H. S. Green. 

Campbell, Hector Stanley, B.Sc. (Lond.), A.R.C.S., A.R.I.C. British. 10, Sumburgh Road, London, 
S.W.12. Research Chemist with British Non-Ferrous Metals Research Association, London, W.1. 
Signed by: Norman R. Campbell, G. V. E. Thompson, P. T. Gilbert. 

*Clegg, David Roger. British. 25, St. Albans Street, Rochdale, Lancs. Undergraduate at Cambridge 
University. Signed by: P. Maitland, F. G. Mann, J. Harley-Mason. 

Cookson, Martin Alan, B.Sc. (Lond.), A.R.I.C. British. 1018, Alexandra Road, Hampstead, N.W.8. 
Research Chemist, Baking Industries Research Station, Chorleywood, Herts. Signed by: J. B. M. 
Coppock, A. J. Amos, D. W. Kent Jones. 

Coulthard, Alfred John, A.R.I.C., M.P.S. British. 5, Ashfield Road, Waterfall Lane, Southgate, N.14. 
Principal Biochemist Pathological Department, H.M. Prison Service. Signed by: G. Sykes, 
H. J. S. King, W. H. Linneli. 

*Crisp, William Stanley. British. 136, Colchester Road, Leyton, E.10. Laboratory Assistant with 
Reeves & Sons, Ltd., Enfield, Middlesex. Signed by: R. A. Tingey, H. Holness, A. P. MacKenzie. 

*Cross, John Roderick, British. Crossways, Sketty Green, Swansea. Student. Signed by: K. W. 
Sykes, A. J. Owen, R. H. Davies, C. W. Shoppee, E. E. Ayling. 

Crowther, John Cooper, A.R.I.C. British. Laboratory, North Eastern Gas Board (Leeds Group), 
Meadow Lane Works, Leeds, 11. Works Chemist. Signed by: A. H. Raine, G. M. Gibson, 
W. Cule Davies. 

Dalziel, James Andrew Walter, B.Sc. (Lond.), A.R.C.S., A.R.I.C. British. 2, Folliat Close, Wantage, 
Berks. Senior Scientific Officer at Atomic Energy Research Establishment, Harwell. Signed by: 
R. Spence, J. S. Anderson, A. A. Smales. 

*Denney, Michael Arthur. British. 91, High Street, Knaphill, Woking, Surrey. Chemistry Student 
at Acton Technical College. Signed by: J. H. Skellon, J. W. Spence, G. C. Speers. 

Dominguez, Justo, D.Chem. (Madrid). Spanish. 43, Wellington Square, Oxford. Research Worker. 
Signed by: I. M. Roitt, N. Polgar, F. B. Strauss. 

*Dominguez, Jorge Alejandro. Mexican. Department of Chemistry, Harvard University, 12, Oxford 
Street, Cambridge, 38, Mass., U.S.A. Post-graduate Student. Signed by : H. Heymann, A. Nickon, 
L. F. Fieser. 

*Edington, Robert Alexander, B.Sc. (Edin.). British. 1, Princess Road, Haddington, East Lothian. 
Chemistry Research Student at University of Edinburgh. Signed by: N. Campbell, M. Ritchie, 
E. L. Hirst. 

El-Aggan, Abd El-Meguid Marzouk, M.Sc. (Farouk Ist). Egyptian. 7, Lancaster Court, Lancaster 
Avenue, Norwood Road, London, S.E.27. Assistant Lecturer of Chemistry, Farouk Ist Univer- 
sity, Egypt. Signed by: W. Wardlaw, R. C. Mehrotra, D. C. Bradley. 

*Ellison, William Kenneth, B.Sc. (Dunelm). British. 63, Queen’s Road, Blackburn, Lancs. Chief 
Chemist with Cumming-Parsons, Ltd., St. Mary’s Distillery, Manchester, 9. Signed by: G. R. 
Clemo, J. O. Harris, A. F. Lerrigo, R. Raper, D. C. M. Adamson. 

El-Shamy, Hassan Khaled, M.Sc. and Ph.D. (Fouad Ist). Egyptian. 28, Hertford Street, Chesterton, 
Cambridge. Assistant Professor of Inorganic Chemistry, Farouk Ist University, Egypt. Signed 
by: W. Wardlaw, R. C. Mehrotra, D. C. Bradley. 

*Ennis, Colin Stanley. British. 16, High Drive, New Malden, Surrey. Student at University College, 
Oxford. Signed by: H. Irving, E. J. Bowen, R. J. R. Hayward. 

*Evans, Eustace Anthony. British. 52, Bassaleg Road, Newport, Mon. Student at Imperial College 
of Science and Technology. Signed by: J. A. Elvidge, M. A. Stevens, M. A. Champney. 
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*Farrer, Thomas William, A.R.I.C. British. 94, Faifa Road, Teddington, Middlesex. Research 
Chemist at Chemical Research Laboratory, Teddington. Signed by: W.H. J. Vernon, D. M. 
Brasher, H. S. Turner. : 

Filby, Frederick Arthur, M.Sc. and Ph.D. (Lond.), A.R.I.C. British. 53, Norfolk Road, Seven Kings, 
Ilford, Essex. Lecturer at South East Essex Technical College, Dagenham. Signed by: E. Bloom, 
J. P. Ringe, M. Birchenough. 

Fisher, Norman Gail, B. S. (Akron), Ph.D. (Wisconsin). American. E.I. du Pont de Nemours & Co. 
Experimental Station, Wilmington, Delaware, U.S.A. Research Chemist. Signed by: M. J. 
Hogsed, C. J. Harrington, H. Lewis. 

Fletcher, Louis, F.R.I.C. British. Abbey-Holyrood Breweries, Edinburgh. Chief Chemist with 
Messrs. W. Younger & Co., Ltd. Signed by: F. Bell, R. G. M. Dakers, H. B. Nisbet. 

*Fowler, Francis David. British. Oakdene, Preston Road, Clayton-le-Woods, Chorley, Lancs. 
Student at Manchester University. Signed by: H. B. Henbest, T. G. Halsall, C. W. Brown. 

Gilks, James Harris, B.Sc. (Nottingham). British. 71, Harrow Road, West Bridgford, Nottingham. 
Research Student at Nottingham University. Signed by: M. W. Partridge, F. C. Cooper, 
J. W. Clark-Lewis. 

*Godson, David Henry, B.Sc. (Nottingham). British. 224, Station Road, Long Eaton, Derbyshire. 
Research Student. Signed by: K.G. Mason, K. G. Latham, K. G. Neill. 

*Golden, John Henry. British. 103, Glenwood Gardens, Ilford, Essex. Student at Imperial College. 
Signed by: L. N. Owen, H. N. Rydon, E. A. Braude. 

Goodall, Robert Rothes, B.Sc. and Ph.D. (Edinburgh). British. 79, Austin Drive, Didsbury, 
Manchester, 20. Research Chemist at Imperial Chemical Industries, Manchester. Signed by: 
R. G. A. New, G. W. Driver, M. F. C. Paige. 

*Guider, Joyce Mary, B.Sc. (Manchester). British. 28, Woodstock Drive, Worsley, Manchester. Post 
Graduate Research Student. Signed by: H. B. Henbest, T. G. Halsall, B. L. Shaw. 

Hayes, Edmund, B.Sc. (Lond.), Ph.C. (Ireland), A.R.I.C. Irish. 9, The Crescent, Shaftesbury Avenue, 
Harrow, Middlesex. Research Chemist. Signed by: D. J. G. Ives, A. J. Taylor, R. W. Pitman, 
W. Wardlaw. E. H. Hopkins. 

*Heyes, John Kenneth, M.Sc. (New Zealand). British, Emmanuel College, Cambrige. Research 
Student at University Chemical Laboratory, Cambridge. Signed by: J. Murray, E. Anet, 
J. R. Cannon. 

*Hodkin, Arthur, B.Sc. (Edin.). British. 40, Madeira Street, Leith. Research Student at Edinburgh 
University. Signed by: N. Campbell, D. Taylor, D. M. Wilson. 

Hoyle, Horace, Ph.C., M.P.S. British. W. B. Cartwright Ltd., Rawdon, Leeds. Chemist. Signed by: 
J. Rennie, J. C. Harral, K. L. Butcher. 

*Huddart, William Ernest. British. 307, Thorne Road, Wheatley Hills, Doncaster, Yorks. Assistant 
Research Chemist, British Bemberg, Ltd., Doncaster. Signed by: T. G. Hoyle, F. Broomhead, 
H. Wilson. 

Hughes, Ivor Wallace, B.Sc. and Ph.D. (Birmingham). British. King’s College of Household and 
Social Science, Campden Hill Road, London, W.8. Assistant Lecturer. Signed by: H. Burton, 
H. B. Hopkins, R. H. Ottewill. 

Jamieson, George Rumbold, B.Sc. (Lond.), A.R.I.C. British. 66, Shapphill Road, Saltcoats, Ayrshire. 
Lecture at Paisley Technical College. Signed by: ].S. McLean, I. Ferguson, W. W. Cuthbertson. 

Johnson, Donald Frank, B.Sc. (Lond.). British. Orchard Products (Wisbech) Ltd., Mount Pleasant, 
Wisbech, Cambs. Works Chemist. Signed by: J. Counsell, M. Oliver, W. E. Rhodes. 

Jolley, Homer Richard, S. J., M.A. (Gonzaga), M.S. (Fordham), Ph.D. (Princeton). American. Loyola 
University, New Orleans 18, Louisiana, U.S.A. Assistant Professor of Chemistry. Signed by: 
T. J. King, D. O. Jordan, J. C. Roberts. 

*Jones, Ernest David. British. 36, Janson Road, Shirley, Southampton. Control Chemist with 
Leicester, Lovell & Co. Ltd., Southampton. Signed by: K. R. Webb, E. Cartmell, A. R. Burkin. 

Kyle, Thom Ian, Ph.D. (Edin.), A.R.I.C. British. Bridgend Farm, Trevor, Wrexham, Denbighshire. 
Research Chemist. Signed by: D. B. Millward, E. J. Blackman, D. S. P. Roebuch. 

*Langbridge, David Michael. British. 1, New Street, Brigg, Lincs. Student. Signed by: A. H. 
Lamberton, M. J. Perry, A. H. Wragg. 

Langworthy, Graham Rossiter. British. 15, Garden Suburb, Dursley, Glos. Assistant Chemist with 
Erinoid Ltd., Stroud. Signed by: C. G. Silcocks, R. Harrison, A. E. Judd. 

Lund, Norman Anthony, B.Sc. (L’pool.). British. Distillers Co. Ltd., Great Burgh, Epsom, Surrey. 
Research Student. Signed by: W. B. Whalley, B. G. Boggiano, J. Yates. 

*Machell, Greville, B.Sc. (Lond.), A.R.I.C. British. 184, Tottenham Lane, London, N.8. Student 
at the Northern Polytechnic, London, N.7. Signed by: M. D. J. Isaacs, C. G. Smith, 
W. Gerrard. 

McCall, Ernest Bryson, B.Sc. and Ph.D. (Edin.). British. Glanffrwd, Abbey Road, Llangollen, 
Denbighshire. Research Chemist with Monsanto Chemicals Ltd. Signed by: D.S. P. Roebuck, 
A. M. Spivey, R. A. Baxter. 

*McCoubrey, John Clarke, B.Sc. (Q.U.B.). British. 11, Thirlmere Gardens, Belfast, N.I. Assistant 
Lecturer, Queens University. Signed by: A. R. Ubbelohde, R. G. R. Bacon, R. C. Pink. 

McDonald, Ian Robert Clark, M.Sc. (New Zealand), A.R.I.C., A.N.Z.L.C. British. Chevry, Peters Lane, 
Monks Risborough, Aylesbury, Bucks. Wood Chemist with Forest Products Research Laboratory. 
Signed by: R. H. Farmer, B. R. Thomas, N. J. Holness. 
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*McHattie, Gordon Victor, B.Sc. (Edin.). British. 110, Greenbank Road, Edinburgh, 10. Research 
Student. Signed by: M. Ritchie, N. Campbell, D. L. Wilson. 

*McNaughton, Graeme Stuart, B.Sc. (N.Z.)._ British. 8, Stour Street, Oamaru, New Zealand. Student. 
Signed by: D. G. Brown, W. G. H. Edwards, A. D. Campbell. 

Moresby, John Fairfax, A.R.I.C. 1, Hazel Grove, Staines, Middlesex. Physical Chemist with the British 
Electricity Authority, London, W.1. Signed by: J. F. Chandler, L. R. Hayward, J. C. Parkins. 
*Morgan, John William Woodhouse, B.Sc. (London), A.R.I.C. British. 57, Holmwood Gardens, 
London, S.W.2. Postgraduate Research Student at Kings College, London. Signed by: S. H. 

, J. Honeyman, D. H. Hey. 

*Muir, Reginald Roy. British. 5, Lanchester Road, Radford, Coventry, Warwicks. Technical 
Assistant, Messrs. Courtaulds, Ltd., Coventry. Signed by: W. Etheridge, E. E. Tallis, E. H. Cole. 

*Mulley, Bryan Arthur, B.Pharm. British. 11, St. Saviours Road, W. Croydon, Surrey. Visiting 
Teacher and Research Student at Chelsea Polytechnic. Signed by: A. H. Beckett, D. C. Harrod, 
L. Saunders. 

Newburgh, Robert Warren, M.S. (Wisconsin). American. University of Wisconsin, Madison, Wisconsin, 
U.S.A. Research Assistant. Signed by: F.S. Eberts, G. M. Tener, S. A. Bellin. 

Noller, Carl Robert, M.S. (Washington), Ph.D. (Illinois). American. Department of Chemistry, 
Stanford University, Stanford, California, U.S.A. Professor of Chemistry. Signed by: W. A. 
Bonner, P. M. Iloff, G. Kritchevsky. 

Olive, Lloyd William, B.Sc. (Bristol). British. 155, High Street, Manchester, 13. Research Chemist 
with Tootal Broadhurst Lee Co., Ltd., Manchester. Signed by: R. P. Foulds, F. C. Wood, 
G. Bell. 

*Pearce, Norman Henry. British. 49, Ryde Avenue, Clough Road, Hull. Industrial Chemist. 
Signed by: Brynmor Jones, W. B. Orr, L. Balmforth. 

Peisach, Max, M.Sc. (Cape Town), A.R.I.C. South African. Department of Chemistry, University of 
Cape Town, Rondebosch, Cape, South Africa. Junior Lecturer. Signed by: W. Pugh, A. H. Spong, 
M. Lanchen. 

*Penfold, Bruce Russell, M.Sc. (New Zealand). New Zealand. 5, St. Mary’s Passage, Cambridge. 
Research Student at Cavendish Laboratory, Cambridge. Signed by: R.L. Martin, J. C. Kendven, 
T. R. R. MacDonald, W. H. Stafford. 

Percival, Ethel Elizabeth, B.Sc. (Birm.), Ph.D. (Edin.). British. Chemistry Department, The 
University, King’s Buildings, West Mains Road, Edinburgh, 9. Signed by: E. L. Hirst, D. M. 
Wilson, C. C. Miller, M. Ritchie. 

Perrin, Michael Willcox, B.A. and B.Sc. (Oxon), M.A. (Toronto), C.B.E. British. Imperial Chemical 
Industries, Ltd., Nobel House, London, S.W.1. Research Advisor. Signed by: W. A. Akers, 
F. A. Freeth, R. M. Winter. 

Perrone, Joao Consani, B.Sc. and D. Chem. (Brasil), M.A. (California). Brazilian. Instituto Nacional 
de Tecnologia, Av. Venezuela, 82, Rio de Janeiro, Brazil. Research Chemist. Signed by: 
T. S. Work, C. E. Dalgliesh, D. F. Elliott. 

*Pickstock, Lorna Alice, B.Sc. (Manc.). British. 91, Stockport Road, Marple, Nr. Stockport, Cheshire. 
Research Student. Signed by: H. B. Henbest, T. G. Halsall, R. Swayne. 

Pitt, Gordon Arthur Cracherode, M.Sc. (Lond.), A.R.I.C. British. 176, Lonsdale Drive, Enfield, 
Middlesex. Comgany Director, Potter & Moore, Ltd., Leyton, E.10. Signed by: H. W. Vernon, 
G. R. A. Short, D. Coyle, A. J. M. Bailey. 

Poole, Arthur, M.Sc. (Lond.), A.R.I.C. British. 16, Parkway, Seven Kings, Essex. Research Chemist 
with Howar & Sons, Ltd. Signed by: R. J. Wicker, E. J. Peppiatt, A. Munro. 

*Price, Gwilyn Chard. British. Mill Lane, Great Barrow, Nr. Chester. Assistant Technician, Shell 
Refinery & Marketing Co., Ltd. Signed by: C. N. Thompson, V. W. David, J. G. Reynolds, 
B. T. Whitham. 

*Pyle, Muriel Constance, B.Sc. (Lond.). British. 33, Lutwyche Road, Catford, S.E.6. Student. 
Signed by: K. R. Webb, E. Cartmell, D. J. Morrill. 

Raine, Philip Alexander, F.R.I.C. British. 18, First Avenue, Bexleyheath, Kent. Chief Chemist, 
Messrs. Johnson & Philips Ltd., Carlton, S.E.7. Signed by: K.G. A. Pankhurst, A. G. D. Emerson, 
G. H. Edwards. 

Reid, Edward Horsley, B.Sc. (L’pool.), A.R.I.C. British. 59, Pendennis Road, Streatham, S.W.16. 
Chemist with May & Baker, Ltd., Dagenham. Signed by: K. Gaimster, B. J. Heywood, 
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London. Signed by: S. H. Harper, D. H. Hey, E. K. Rideal. 
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*Scott, Gerald, B.A. (Oxon.). British. 1, Bartlemas Road, Oxford. Student. Signed by: I. M. Roitt, 
W. A. Waters, H. M. E. Cardwell. 

*Sheard, Dennis Richard, B.Sc. (Leeds), A.R.I.C. British. 3, Regent Park Avenue, Leeds, 6. Research 
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Technical College, High Street, Acton, W.3. Signed by: W. Davey, J. H. Skellon, E. G. Cowley. 
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‘“‘ The separation of «-acetamido-acids by partition chromatography on kieselguhr.’’ By 
G. HOWARD SMITH. 

“‘Cinnolines and other heterocyclic types in relation to the chemotherapy of trypano- 
somiasis. Part I. Quaternary salts of amino-cinnolines, -quinazolines, and -quinol- 
ines.’’ By J. R. KENEFoRD, E. M. Lourie, J. S. Moriey, J. C. E. Srmpson, J. 
WILLIAMSON, and P. H. WRIGHT. 

“‘Cinnolines and other heterocyclic types in relation to the chemotherapy of trypano- 
somiasis. Part II. Synthesis of 4: 4’-diamino-6 : 6’-azoquinoline metho-salts.”’ 
By P. E. Macey and J. C. E. Simpson. 

“Cinnolines and other heterocyclic types in relation to the chemotherapy of trypano- 
somiasis. Part III. Synthesis of azocinnoline derivatives.’’ By J. McINTYRE and 
J. C. E. Stmpson. 

“Cinnolines and other heterocyclic types in relation to the chemotherapy of trypano- 
somiasis. Part IV. Synthesis of quaternary salts of dicinnolyl- and diquinolyl- 
ureas, -thioureas, and -guanidines.’” By J. S. MorLey and J. C. E. Simpson. 

“‘Cinnolines and other heterocyclic types in relation to the chemotherapy of trypano- 
somiasis. Part V. Quaternary salts of 4: 4’-dimethylamino-6 : 6’ azocinnoline.” 
By J. McINTyRE and J. C. E. Simpson. 

‘““Some observations concerning the interpretation of heats of hydrogenation of olefinic 
substances.”’ By P. B. D. DE LA MARE. 

“Experiments on the degradation of the side chain of lanostadienol.’’ By R. G. Curtis. 

“ A linear acetal of ethylene glycol.’’ By (Miss) J. D. BRYAN. 

“* N-Glucosides.’’ By S. BAYNE and W. H. Hows. 

“Sorption hysteresis. Part II. The role of the cylindrical meniscus effect.’ By A. 
GRAHAM FOsTER. 

“‘ A polarographic investigation of the redox behaviour of certain hydroxy- and sulphonic 
acid derivatives of anthraquinone.’’ By R. Git and H. I. STONEHILL. 

“A polarographic investigation of the tautomerism of 2-hydroxy- and 2: 6-dihydroxy- 
anthraquinol.’’ By R. GILt and H. I. STONEHILL. 

** Solanum alkaloids. Part VII. The stereochemical relation of solasodine to cholesterol.’’ 
By Linpsay H. Briacs and T. O'SHEA. 

“The heats of formation of germanium tetrabromide and germanium tetraiodide.”’ By 
D. F. Evans and R. E. RICHARDs. 

“ Function of pyridine in thionyl halide—-alcohol systems. Part I.’’ By W. GERRARD and 
Bb. D. SHEPHERD. 

“Function of pyridine in thionyl halide-alcohol systems. Part II."’ By W. GERRARD 
and G. MACHELL. 

“Function of pyridine in thionyl halide-alcohol systems. Part III.’’ By W. GERRARD 
and P. L. Wyvill. 

“‘The dehydration of bis-2-hydroxyethyl ether by potassium hydrogen sulphate.’’ By 
LEONARD E. HINKEL and G. H. RALPH SUMMERS. 

“Studies on hydrogen cyanide. Part XVIII. The reaction of the sesquichloride of 
hydrogen cyanide with mesitylene in the presence of aluminium chloride.’’ By 
LEONARD E. HINKEL and G. H. RALPH SUMMERS. 

“The basicity of hydrocarbons. Part I. Cryoscopy of conjugated hydrocarbon and 
carbinol solutes in sulphuric acid.’” By V. GoLp, B. W. V. Hawes, and F. L. TYE. 

“The basicity of hydrocarbons. Part II. Ultra-violet absorption spectra of conjugated 
hydrocarbons in sulphuric acid solution.’’ By V. GoLpD and F. L. Tye. 

“The basicity of hydrocarbons. Part III. The distribution of some conjugated hydro- 
carbons between acidic and inert solvents.’’ By V. GoLp and F. L. TYE. 

“The basicity of hydrocarbons. Part IV. A theoretical treatment of conjugated hydro- 
carbons.’’ By V. GoLp and F. L. Tye. 

““Saponin and sapogenin from the pericarp of Albizzia lebbek Benth. Part I. The 
isolation of a new sapogenin, albizziagenin.’’ By M. O. Faroog and I. P. VARSHNEY. 
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“The preparation and properties of some hydrocarbons with recurrent groupings.’’ By 
S. F. Brrcu, V. E. Gripp, D. T. MCALLAN, and W. S. NATHAN. 

‘‘ ]-o-Methoxyphenylanthraquinone.”’ By E. A. BRAUDE and J. S. FAWCETT. 

‘““Syntheses of polycyclic systems. Part III. Some hydrogenated indanones and 
fluorenones: The mechanism of the Nazarov cyclisation reaction.”’ By E. A. 
BRAUDE and J. A. COLEs. 

‘The addition of free radicals to unsaturated systems. Part I. The direction of radical 
addition to 3 : 3 : 3-trifluoropropene.’’ By R. N. HASZELDINE. 

‘Formylidene derivatives of D-galactose and D-glucose.’’ By L. Houcu, J. K. N. 
JONEs, and M. S. MAGson. 

‘ Solutions of metal soaps in organic solvents. Part III]. The aggregation of metal soaps 
in toluene, isobutyl alcohol, and pyridine.’” By S. M. NELson and R. C. Pink. 

“Studies in the sterol group. Part LIII. | Ultra-violet absorption spectra of ethylenic 
centres.”’ By PETER BLapon, H. B. HENBEsT, and GEOFFREY W. Woop. 

“Geraniolenes. The decomposition of 2 : 6-dimethylhept-5-en-2-ol and some derivatives.” 
By L. BATEMAN, J. I. CUNNEEN, and E. S. WAIGHT. 

“Chemistry of the Coprosma genus. Part VI. Minor anthraquinone colouring matters 
from Coprosma australia.’’ By Linpsay H. Briacocs, G. A. NICHOLLS, and R. M. L. 
PATERSON. 

“Experiments in the synthesis of santonin. Part I. The preparation of the lactone of 
a-(2-hydroxy-3-ketocyclohexyl)propionic acid.’’ By F. D. GUNsTONE and R. M. 
HEGGIE. 

“Experiments in the synthesis of santonin. Part II. The preparation of compounds 
containing the dienone system present in santonin.’’ By F. D. GuNstone and 
R. M. HEGGIE. 

“‘ Reactions with periodate of 2 : 3 : 4: 6-tetramethyl D-glucose, the trimethyl p-glucopyr- 
anoses, and other methoxy-compounds.”’ By G. D. GREVILLE and D. H. NorTHCOTE. 

“Preparation and properties of some aliphatic sulphoximines.’’ By J. K. WHITEHEAD 
and H. R. BENTLEY. 

“‘ Autoxidation of monoethenoid fatty acids and esters. The union of gaseous oxygen 
with erucic acid and methyl and m-propyl erucate.’’ By J. H. SKELLON and P. E. 
TAYLOR. 

“‘ The influence of structure on the ultra-violet absorption spectra of heterocyclic systems. 
Part II. Nitrogen analogues of the monobenzofluorenes.’’ By G. R. CLEMO and 
D. G. I. FELTON. 

“‘ The influence of structure on the ultra-violet absorption spectra of heterocyclic systems. 
Part III. Some dibenzocarbazoles.’’ By D. G. I. FELTON. 

“‘ Studies on complex-ion formation. Part II. The entropies of formation of some metal 
ammines.’” By W. S. FYFE. 

“A new apparatus for studying the evaporation of water through monolayers.’’ By 
F. SEBBA and N. SuUTIN. 

“‘ Pteridine studies. Part II. 6- and 7-Hydroxypteridines and their derivatives.’ By 
ADRIEN ALBERT, D. J. BRown, and GORDON CHEESEMAN. 

“‘ Amino-acids and peptides. Part VIII. Determination of D- and L-glutamic acid by 
the isotope-dilution method.’’ By C. C. BARKER, I. W. HUGHEs, and G. T. Younc. 

‘‘ Eight- and higher-membered ring compounds. Part VI. cis-Di- and tri-o-thymotides.”’ 
By Witson Baker, B. GILBERT, and W. D. OLLIs. 

“‘ Eight- and higher-membered ring compounds. Part VII. The lactone of 2-carboxy-2’- 
hydroxydibenzyl.’’ By Witson Baker, W. D. OLLIs, and T. S. ZEALLEY. 

“Eight- and higher-membered ring compounds. Part VIII. Anhydro-derivatives of 
2-carboxy-2’-hydroxybenzophenone and of 2-carboxy-2’-hydroxydiphenylmethane.”’ 
By WILson BAKER, D. CLark, W. D. OLLIis, and T. S. ZEALLEY. 

‘“‘ The delphinine alkaloids. Part I.’ By G. R. CLEMo and BHoLa NATH. 

“‘ A synthesis of cyananthrene.’’ By WILLIAM BRADLEY and FRANK K. SUTCLIFFE. 

“The chemistry of 1: 9-pyrazoleanthrone. Part I. Replacement of halogens in deriv- 


atives of 1: 9-pyrazoleanthrone.”” By WILLIAM BRADLEY and KENNETH W. 
GEDDES. 
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‘The chemistry of 1 : 9-pyrazoleanthrone. Part II. Nuclear substitution by bases, and 
self-condensation in 1: 9-pyrazoleanthrone and its N-methyl derivatives.’’ By 
WILLIAM BRADLEY and KENNETH W. GEDDES. 

‘‘ The addition of acyl hypobromites to styrene.’’ By D.C. ABBott and C. L. Arcus. 

“Detection of hydrogen bonding by dielectric-constant measurement. Part I. Re- 
action of phenols with the amide and azo groups, etc.’’ By C. H. Gixes, T. J. Ross, 
and D. G. M. VALLANCE. 

“‘ Polynuclear heterocyclic systems. Part V. 5: 8-Diazapentaphene.’’ By G. M. BADGER 
and R. Pettit. 

‘“‘Polynuclear heterocyclic systems. Part VI. 5:8: 13: 14-Tetraza-6 : 7-benzopenta- 
phene and related compounds.’’ By G. M. BADGER and R. PEtrirt. 

“‘ Picrotoxin and tutin. Part VI. Methylation and methanolysis.’’ By J.C. BENSTEAD, 
Roy GEE, R. B. JoHNs, M. MARTIN-SmITH, and S. N. SLATER. 

“‘ The hydrogenation product of lupulone.’’ By M. VERZELE. 

“Studies on the Diels-Alder reaction. Part II. The reaction between methylvinyl- 
cyclohexene and benzoquinone.”’ By P. A. RoBins and JAMES WALKER. 

“Indicator measurements with amines in anisole and chlorobenzene solution.’’ By 
R. P. BELL and J. W. BayLes. 

‘‘ Complexes involving tervalent iron and orthophosphoric acid. Part I. General intro- 
duction. Part II. Experiments with ion-exchange resins.’’ By J. E. SALMon. 

‘‘ Fission of mixed ethers by boron trichloride.’’ By W. GERRARD and M. F. Lappert. 

‘“‘Triterpenoids. Part VI. Some observations on the constitution of zeorin.”’ By 
D. H. R. Barton and T. Bruun. 

‘“‘ Inorganic chromatography on cellulose. Part XI. A study of the separation of tantalum 
from niobium, and its application to quantitative analysis.” By F. H. BurRstAtt, 
PATRICIA SWAIN, A. F. WILLIAMS, and G. A. Woop. 

“The action of light on diazoaminobenzene dissolved in ethanol.’’ By H. C. FREEMAN 
and R. J. W. Le FEvRre. 

‘‘2:4:5-Trichlorophenetole.’’ By F. E. Smitu. 

“‘ Stability of isomeric butoxysilanes with respect to silicon tetrachloride and hydrogen 
chloride.’” By W. GERRARD and J. V. JONEs. 

‘Multiple adaptations of Bact. lactis aerogenes (Aerobacter aerogenes) to various combin- 
ations of substrate.’ By A. W. Scopes and Sir Cyrit HINSHELWOOD. 

“‘ The isopropylidene derivatives of hexahydric alcohols. Part II. tsoPropylidene deriv- 
atives of sorbitol.’’ By E. J. BouRNE,G. P. MCSWEENEY, M.STACEy,and L.F. WIicGINs. 

‘“‘ The chemistry of bivalent germanium compounds. Part II. Some complex compounds 
of bivalent germanium.”’ By D. A. EVEREST. 

“‘ The synthesis of conjugated hexuronic acids.’” By C. A. MARSH. 

‘Peptides. Part I. The synthesis of peptides through anhydrides of sulphuric acid.’’ 
By G. W. KENNER and R. J. STEDMAN. 

“Peptides. Part II. Selective degradation by removal of the terminal amino-acid 
bearing a free amino-group. The use of alkyl alkoxydithioformates (dialkyl 
xanthates).’’ By G. W. KENNER and H. G. KHORANA. 

‘Peptides. Part III. Selective degradation from the carboxylend. The use of carbodi- 
imides.’’ By H. G. KHORANA. 

‘“‘ Acenaphthyleno-compounds. Part II.’’ By J. B. Dutute and S. G. P. PLANT. 

‘‘The chemistry of hop constituents. Part II. Oxidation products of lupulone.’’ By 
G. A. Howarp and J. R. A. POLLOocK. 

‘“The chemistry of hop constituents. Part III. The structures of humulinic and iso- 
humulinic acids.”’ By G. Harris, G. A. Howarp, and J. R. A. POLLOCK. 

‘“* Deoxypentose nucleic acids. Part IV. The isolation and some properties of various 
deoxypentose nucleic acids.’’ By S. G. LALAND, W. G. OVEREND, and M. WEBB. 

‘‘ Deoxypentose nucleic acids. Part V. The purine and pyrimidine composition of 
deoxypentose nucleic acids.”’ By S. G. LALAND, W. G. OVEREND, and M. WEBB. 
‘‘Deoxypentose nucleic acids. Part VI. The enzymic degradation of deoxypentose 
nucleic acids and analysis of the non-diffusible residues.’’ By S. G. LALAND, W. G. 

OVEREND, and N. WEBB. 
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“* Aluminium halide complexes with pyridine, trimethylamine, and triethylamine. Part I.”’ 
By D. D. ELey and H. Warts. 

“Galloflavin. Part I."’ By R. D. HAworTH and (Miss) J. M. MCLACHLAN. 

“Some reactions of substituted 2-bromopyridines.”’ By A. H. BerrigE, G. T. NEWBOLD, 
and F. S. SPRING. 

“‘ Synthesis of 3-hydroxytsoquinolines and 2-hydroxy-1 : 4-naphthaquinones from esters of 
2-acyl-4 : 5-dimethoxyphenylacetic acids."” By H. R. BENTLEY, WILLIAM Dawson, 
and F. S. SPRING. 

“‘ Adsorption from binary solutions of completely miscible liquids. Part II. Thermo- 
dynamic requirement for complete preferential adsorption."’ By G. A. H. ELTon. 

“ The comnounds of alkylamines with esters of azodicarboxylic acid.’"” By G. W. KENNER 
and R. J. STEDMAN. 

“* Organometallic fluorine compounds. Part III. Trifluoromethyl derivatives of sulphur.”’ 
By G. R. A. Branpt, H. J. EMELEus, and R. N. HASZELDINE. 

“‘ Organometallic fluorine compounds. Part IV. The ultra-violet and infra-red spectra 
of bistrifluoromethy] sulphide, bistrifluoromethy] disulphide, and related compounds.”’ 
By G. R. A. Branpt, H. J. EMELEus, and R. N. HASZELDINE. 

“‘ The catalysed reactions of simple aromatic compounds with ethylenic systems. Part II. 
Cinnamic acid.’”’ By J. F. J. Dippy and J. T. Youn. 

‘““The rearrangement of NN-diacylanilines and the nuclear benzoylation of anilines.”’ 
By J. F. J. Dippy and V. Moss. 

“‘ Addition and substitution with the bromine cation in aqueous solution."’ By D. C. 
ABsotTt and C. L. Arcus. 

“* 4: 6-Dichloro-2-dimethylaminopyrimidine.’” By W. R. Boon. 

“‘ The reduction of juglone.’” By R. H. THomson. 

“* Thio-oxindole, thioindoxyl and certain carbony] derivatives.’’ By R. H. GLAUVERT and 
FREDERICK G. MANN. 

“‘meroCyanines derived from thio-oxindole. Part I. meroCyanines having a dimethin 
chain attached to the 3-thionaphthen nucleus.’” By R. H. GLAUVERT and FREDERICK 
G. MANN. 

“* A synthesis of flavone glycosides.” By WiLson BAKER, W. D. OLLIs, and V. D. PooLe. 

‘““Some reactions of 4-hydroxyindane.’’ By WiLson Baker, J. F. W. McOmie, and 
T. L. V. ULBRICHT. 

““ The system benzene—hydrogen bromide-aluminium bromide. Part I.’’ By D. D. ELey 
and P. J. KING. 


ADDITIONS TO THE LIBRARY 
I. Donations A bibliography on particle size and surface 

ANGLO-AMERICAN COUNCIL ON PRODUC- area determination, with brief abstracts. 
TIVITY. Packet foods. Report of a visit to Parts land 2. Bedford 1950-51. pp. ii + 45; 
the U.S.A. in 1951 of a productivity team re- ii + 55. (Reference.) 
presenting the British packet foods industry. Technical Paper No.4. The chemi- 
London 1951. pp. xii +71. ill. TheCoun- calanalysisof whiting and chalk. By GEORGE 
cil. 4s. 6d. (Recd. 14/1/52.) EDWARD BESSEY and DAvip CHILD SouL. 

From Messrs. Monkhouse & Glasscock, Ltd. Bedford 1950. pp. 22. (Reference.) 

ARROW Press, Ltp., and PoweEr-Gas No. 8. Particle size analy- 
CORPORATION, LTD. [The manufacture of] sisand surface area measurement. By DAVID 
producer gas. Watford 1951. pp. 12. ill. CHILD SouL. Bedford 1951. pp. ii + 31. 
(Reference.) Arrow Pr. 5s. (Reference.) From the Director. 

From the Power-Gas Corporation, Ltd. CARBIDE AND CARBON CHEMICALS Co. 

BEILSTEINS HANDBUCH DER ORGAN-_ The physical properties of synthetic organic 
ISCHEN CHEMIE. 4th edition. 2nd supple- chemicals. [New edition.) New York 1952. 
ment. Vol. 16. Edited by FRIEDRICH pp. 15. (Reference.) From the Company. 
RICHTER. Berlin 1951. pp. xliv + 872. CARBORUNDUM Co. Technical Division. 
(Reference.) From the Beilstein Institut. Bibliography on silicon carbide. Niagara 

BRITISH WHITING FEDERATION. fRe- Falls,N.Y. 1950. pp.iii + 59. (Reference.) 
search Council. Bibliographies No. 1 and la. From the Company. 
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FINDLAY, ALEXANDER. The phase rule 
and its applications. 9th edition. By ALAN 
NEWTON CAMPBELL and N.O. SMITH. New 
York 1951. pp. [xii] + 494. ill. Dover 
Publications. $5. (Recd. 28/12/51.) 

From Professor Findlay. 

INSTITUTE OF PETROLEUM. Reviews of 
Petroleum Technology. Vol. 11, 1949. 
Edited by FREDERIC HORACE GARNER, ERIC 
BERTRAM EVANS and GEORGE SELL. London 
1951. pp. viii + 280. (Reference.) The In- 
stitute. 27s. 6d. From the Publishers. 

INTERNATIONAL CONGRESS OF PURE AND 
APPLIED CHEMISTRY, I2TH. New York, 
1951. Abstracts of papers. Washington, 
D.C. 1951. pp. 664. (Reference.) National 
Research Council. 2.50. From the 

Division of Chemistry and Chemical 
Technology, National Research Council. 

ROYAL INSTITUTE OF CHEMISTRY. Lec- 
tures, Monographs and Reports 1951, No. 3. 
One hundred years of chemistry. By LORD 
McGowan (Harry DuncAN McGowan). 
London [1951]. pp. 16. (7th Dalton Lec- 
ture.) (Reference.) From the Institute. 


II. By Purchase 


AMERICAN CHEMICAL SOCIETY. Com- 
mittee on Analytical Reagents. Reagent chemi- 
cals; specifications, 1950. Washington, D.C. 
1951. pp. xiii +400. (Reference.) The 
Society. $5. 

AMERICAN SOCIETY 
TERIALS, 


FOR TESTING Ma- 
Physical constants of hydrocarbons 
boiling below 350° F. Philadelphia 1950. pp. 
ii + 16. (HReference.) The Society. $1. 
Symposium on high additive con- 
tent oils. Philadelphia 1950. pp. iv + 63. 
ill. (Reference.) The Society. $1.75. 
- ——— Symposium on rapid methods for 
identification of metals. Philadelphia 
pp- v +77. ill. (Reference.) The 
$1.75. 
Guides to sources of information 
Britain. No 2. Agriculture and 
London 1949. pp. ii + 55 
Aslib. 16s. 
Beverages 
pp. ii + 44 + iv. 


the 
1950. 
Society. 

ASLIB. 
in Great 
allied interests. 
+ iv. (Reference.) 

———No. 3. 
London 1949. 
Aslib. 12s. 6d. 

— — No. 4. 
terests. London 
(Reference.) Aslib. 12s. 6d. 

BonpDI, ARNOLD. Physical chemistry of 
lubricating oils. New York 1951. pp. vii + 
380. ill. Reinhold. $10. (Recd. 15/1/52.) 

HAGGLUND, ERIK. Chemistry of wood. 
{New revised English edition.] New York 


and food. 
(Reference.) 


Textiles and allied in- 
1949. pp. ii + 42 + iv. 


1951. pp. x +631. ill. Academic Pr. 
$13.50. (Recd. 9/1/52.) 

INSTITUTE OF Puysics. Further labor- 
atory and workshop notes. A second selec- 
tion reprinted from the Journal of Scientific 
Instruments. Compiled and edited by RuTH 
LANG. London 1951. pp. xii + 290 +8 
plates. ill. Arnold. 28s. (Recd. 28/12/51.) 

Katz, JOSEPH J., and RABINOWITCH, 
EUGENE. The chemistry of uranium. Part 
1. The element, its binary and related com- 
pounds. New York 1951. pp. xxi + 609. 
ill. (National Nuclear Energy Series.) 
McGraw-Hill. $7.25. (Recd. 15/1/52.) : 

KERTESZ, ZOLTAN IMRE. The pectic sub- 
stances. New York 1951. pp. xvi + 628. 
ill. Interscience. $13.50. (Recd. 28/12/51.) 

KING, ALEXANDER, and FROMHERZ, HANS. 
German-English chemical terminology; an 
introduction to chemistry in English and 
German. 2nd edition. London 1951. pp. 
xv + 361. Murby. 25s. (Recd. 28/12/51.) 

LANGFORD, KENNETH E. Analysis of 
electroplating and related solutions. Ted- 
dington 1951. pp. xi + 369. ill. Electro- 
plating & Metal Finishing. 52s. (Recd. 
15/1/52.) 

McCuTCHEON, JOHN W. 
tergents. New York 1950. 
MacNair-Dorland Co. $7.10. (Recd. 7/1/52.) 

MAcCNEVIN, WILLIAM MARSHALL. The 
analytical balance, its careand use. Sandusky, 
Ohio 1951. pp. xii + 60. ill, Handbook 
Publishers. $1.50. (Recd. 2/1/52.) 

SAWYER, RALPH A. _ Experimental 
spectroscopy. 2nd edition. London 1951. 
pp. x + 358. ill. Chapman & Hall. 30s. 
(Recd. 28/12/51.) 

TECHNICAL INFORMATION SERVICE. 
Chemicals and allied products. Part 2. 
Analytical chemistry. Subject index (an- 
notated) to Bibliography of Scientific and 
Industrial Reports, Vols. 1-13. January 
1946-June 1950. Washington, D.C. 1951. 
pp. viii + 162. ([Loose-leaf file.) (Reference.) 
$5 


Synthetic de- 
pp. 435. ill. 


UNION OF SOCIALIST SOVIET REPUBLICS. 


Academy of Sciences. Journal of General 
Chemistry of the U.S.S.R. Vol. 19, etc. New 
York 1949+. English translation. (Refer- 
ence.) Consultants Bureau. $95 per annum. 

WATERMAN, H. I., with the collaboration 
of C. BoELHOUWER and L. J. REVALLIER. 
Hydrogenation. of fatty oils. Amsterdam 
1951. pp. ix + 254. ill. Elsevier. 42s. 
(Recd. 28/12/51.) 

WHITMORE, FRANK C. 
Organic chemistry. 2nd edition. 
1951. pp. x + 1005. Van Nostrand. 
(Recd. 28/12/51.) 


fand_ others]. 
New York 
$12. 
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ANNIVERSARY MEETINGS 


The Anniversary Meetings in 1952 are being held in Dublin on April 15th-18th in 
conjunction with the Anniversary Meetings of the Royal Institute of Chemistry. With 
the exception of the two Annual General Meetings all the events are open to members of 
either body. Forms of application for tickets have been sent to Fellows. 

The following programme has been arranged :— 












Tuesday, April 15th 


8.30-10.00 p.m. Reception given by Messrs. W. and H. M. Goulding, Ltd., in the 
Shelbourne Hotel, St. Stephen’s Green. 






Wednesday, April 16th 

10.30 a.m. The One Hundred and Eleventh Annual General Meeting of the 
Chemical Society in the Lecture Theatre, The Chemistry Depart- 
ment, Trinity College. (Open to Fellows of the Chemical Society 
only.) 

11.30 a.m. The Chemical Society Presidential Address, ‘‘ Colloid Science—A 
Chapter in Chemistry,’’ by Sir Eric Rideal, M.B.E., F.R.S. 

11.00 a.m.-12.30 p.m. Coach Tour of the City of Dublin. 

(Alternative for 












Ladies) 
3.00-5.00 p.m. Visit to Trinity College. Reception by the Provost and Board. 
6.00-7.30 p.m. Reception given by The Government of Ireland in Iveagh House, 





St. Stephen’s Green. 






Thursday, April 17th 

10.00 a.m. Annual Meeting of Local Representatives of the Chemical Society. 

11.45 a.m. Joint Scientific Meeting : Lecture ‘‘ Studies in the Chemotherapy 
of Tuberculosis,” by V. C. Barry, D.Sc., M.R.LA., F.LC.L., 
F.R.LC., in the Rupert Guinness Hall, Watling Street. 

11.00 a.m.-12.30 p.m. Fashion Display arranged by Messrs. Brown Thomas, Ltd., 











(Alternative for Grafton Street. 
Ladies) 
1.00 for 1.30 p.m. Luncheon (for Officers, Local Representatives of the Chemical 





Society and Honorary Secretaries of Local Sections of the Royal 
Institute of Chemistry, by invitation of Arthur Guinness Son 
and Co., Ltd.). 











3.00 p.m. 26th Conference of Honorary Secretaries of Local Sections of the 
Royal Institute of Chemistry. 

3.00 p.m. Visit to St. James’s Gate Brewery by invitation of Arthur Guinness 
Son and Co., Ltd. 

or 3.00-6.00 p.m. Coach Tour to Hill of Howth and Dublin Airport. 

7.15 for 7.45 p.m. Reception and Anniversary Dinner at Gresham Hotel, O’Connell 





Street. 








Friday, April 18th 

10.15 a.m. Seventy-Fourth Annual General Meeting of the Royal Institute of 
Chemistry in the Lecture Theatre, The Chemistry Department, 
University College, Science Buildings, Upper Merrion Street. 
(Open to corporate Members of the Royal Institute of Chemistry 
only.) 

11.30 a.m. The Royal Institute of Chemistry Presidential Address entitled 
“Worthy Ends and Expectations,”’ by H. W. Cremer, C.B.E. 

10.30 a.m.—12.30 p.m. Shopping Tour. 

(Alternative for 
Ladies) 

2.30 p.m. Visit to Bow Street Distillery by invitation of Messrs. John 
Jameson and Son, Ltd. 

or 2.15-6.15 p.m. Coach Tour of Boyne Valley. 

8.30 p.m.—Midnight Reception and Dance given by Imperial Chemical Industries, 
Ltd., in the Royal Hibernian Hotel, Dawson Street. 





SCIENTIFIC MEETINGS DURING APRIL, 1952 
MANCHESTER. 
Wednesday, April 23rd, at 6.30 p.m. 


Hugo Muller Lecture, The Chemical Exploration of the Stratosphere, by Professor 
F. A. Paneth, F.R.S. To be given in the Chemistry Lecture Theatre, The 
University, Manchester. 


ST. ANDREWS AND DUNDEE. 
Friday, April 11th, at 5.15 p.m. 


Lecture, Mechanism of Oxidation of Organic Compounds, by Dr. W. A. Waters, 
M.A., F.R.I.C. Joint meeting with St. Andrews University Chemical Society 
to be held in the Chemistry Department, United College, St. Andrews. 


Friday, April 18th, at 5.15 p.m. 


Lecture, Polyacetylenes, by Professor E. R. H. Jones, D.Sc., F.R.S. Joint meeting 
with the Royal Institute of Chemistry to be held in the Chemistry Department, 
United College, St. Andrews. 


SHEFFIELD. 
Thursday, April 24th, at 5.30 p.m. 


Lecture, Recent Developments in Photochemistry, by Professor R. G. W. Norrish, 
F.R.S. Joint meeting with the University Chemical Society to be held in the 
Chemistry Lecture Theatre, The University, Sheffield. 


SOUTH WALES. 
Friday, April 25th, at 5.30 p.m. 


Lecture, Acetylenic Compounds, by Professor E. R. H. Jones, D.Sc., F.R.S. Joint 
meeting with University College of Swansea Chemical Society to be held in the 
Chemistry Department, University College, Swansea. 








OFFICIAL ANNOUNCEMENTS 
HIS LATE MAJESTY KING GEORGE VI—PATRON OF THE SOCIETY. 
The following addresses have been sent : 


To Her Most EXcELLENT MAJESTY QUEEN ELIZABETH THE SECOND 
May it please Your Majesty, 

We, the President, Council, and Fellows of The Chemical Society, your humble and 
devoted servants, most respectfully beg to present to Your Majesty this expression of our 
profound sorrow at the death of His Most Excellent Majesty King George the Sixth, 
Patron of our Society. In common with all your loving subjects throughout the British 
Commonwealth we feel it to be our personal loss. 

We beg leave to offer to Your Majesty and to the other members of the Royal Family 
our deepest sympathy in this time of sorrow. 

We ask Your Majesty to accept this expression of our loyalty on your accession to the 
Throne, and we pray that Your Majesty may long be spared to reign over a loyal and loving 
people. 


Signed and Sealed in the presence of Eric K. RIDEAL, President. 
the Council of The Chemical Society W. A. AKERs, Treasurer. 


this twenty-first day of February, H. Burton, Honorary 


One Thousand nine Hundred and E. D. HUGHEs, ; 
Secretaries. 


Fifty-Two. L. E. Sutton, 


To Her Most Gracious MAJESTY THE QUEEN MOTHER 
May it please Your Majesty, 


We, the President, Council, and Fellows of The Chemical Society, your humble and 
devoted servants, most respectfully beg to present to Your Majesty this expression of our 
profound sorrow at the death of His Most Excellent Majesty King George the Sixth, 
Patron of our Society. In common with all his loving subjects throughout the British 
Commonwealth we feel it to be our personal loss. 

We beg leave to offer to Your Majesty our deepest sympathy in this time of sorrow. 


Signed and Sealed in the presence of Eric K. RIDEAL, President. 
the Council of The Chemical Society W. A. AKERS, Treasurer. 


this twenty-first day of February, H. Burton, Honorary 


One Thousand Nine Hundred and E. D. HUGHEs, ; : 
Secretaries. 


Fifty-Two. L. E. Sutton, 


DEATHS. 
The Council regrets to announce the death of the following Fellows : 


Elected. Died. 
Henry Drysdale Dakin (New York) May 2nd, 1901. Feb. 10th, 1952. 
William Joseph Elford (N.W.7) Feb. 16th, 1926. Feb. 14th, 1952. 
Archibald Robert Jamieson (Glasgow) May 2nd, 1946. Jan. 26th, 1952. 
James Charles Edward Simpson (Manchester)... Feb. 16th, 1933. Feb. 7th, 1952. 
Cyril James Watson (Ottawa) Dec. 6th, 1945. Aug. 1950. 


CONGRATULATIONS, 


The President has conveyed the congratulations of the Society to the following Fellows 
who completed 60 years of Fellowship on February 18th, 1952 : 


— Hill Millar (Dublin). 
orris William Travers (Stroud), 
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and to the following Fellows who completed 50 years of Fellowship on February 19th, 
1952 : 
Kenneth Macomb Chance (Oldbury). 
Sir Evelyn Andros De La Rue (W.1). 
Charles Doree (Amersham). 
Lewis Eynon (Upminster). 
Harry Lucas (Bournemouth). 
Ernest Bowman Ludlam (Edinburgh). 
John Ross Mackenzie (Worcester). 
Alfred Holley Mundey (S.E.18). 
Nevil Vincent Sidgwick (Oxford). 


ACKNOWLEDGMENTS. 


Acknowledgment is made of gifts of the Society’s publications from Dr. A. Adams, 
Dr. A. F. Campbell, and Mr. A. P. Mieras. 


VACANCIES ON COUNCIL 1952. 
The following nominations have been received : 


President. 
ProFessor C. K. INGoLp (London). 


Vice-Prestdents who have not filled the Office of President. (Two Vacancies.) 
Dr. D. Lt. HAMmick (Oxford). 
PROFESSOR E. L. Hirst (Edinburgh). 
Dr. F. G. MANN (Cambridge). 
PROFESSOR S. PEAT (Bangor). 
SiR JOHN SIMONSEN (London). 
PROFESSOR E. E. TURNER (London). 


Elected Ordinary Members of Council. 


Constituency I. (South-east England.) (Four Vacancies.) 
Dr. D. H. R. BARTON (London). 
Dr. J. CHatt (Welwyn). 
Dr. F. R. Goss (London). 
Dr. S. H. HARPER (London). 
Dr. F. B. Kippinc (Cambridge). 
Dr. E. A. MOELWyYN-HUGHEs (Cambridge). 
Dr. M. L. TOMLINSON (Oxford). 
PROFESSOR G. WILLIAMS (London). 


Constituency II. (Central and South-west England and South Wales.) (One Vacancy.) 
Dr. S. J. GREGG (Exeter). 


Constituency III. (North-west England, North Wales, and the Isle of Man.) (Two 
Vacancies.) 


PROFESSOR A. ROBERTSON (Liverpool). 
Dr. M. A. T. RoGerRs (Manchester). 

Constituency V. (Scotland.) (One Vacancy.) 
Dr. N. CAMPBELL (Edinburgh). 


JOINT LIBRARY COMMITTEE. 

Professor W. Wardlaw has been appointed Chairman of the Joint Library Committee 
in succession to the late Dr. H. E. Cox. 
LIBRARY. 


The Library will close for the Easter holiday at 1 p.m. on Thursday, April 10th, and 
re-open at 10 a.m. on Wednesday, April 16th, 1952. 
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REPORT OF COUNCIL AND ACCOUNTS FOR 1951. 

The Report of Council and the Accounts for 1951 will be published in the Journal 
later in the year. Advance copies will be sent to all Fellows who have notified their 
intention of attending the Anniversary Meetings, or may be obtained on application to the 
General Secretary. 


QUARTERLY REVIEWS. 
Quarterly Reviews, Vol. V1, No. 1, will contain the following articles : 
‘‘ Aromatic rearrangements,” by E. D. Hughes and C. K. Ingold. 
‘““ Molecular orbitals and organic reactions,’’ by R. D. Brown. 
‘‘ The infra-red and Raman spectra of hydrocarbons. Part I. Acetylenes and 
olefins,’’ by N. Sheppard and D. M. Simpson. 
It is expected that forthcoming issues will contain the following articles : 
‘‘ The thermal polymerisation of aldehydes,’’ by J. C. Bevington. 
‘‘ Geometrical isomerism about carbon-carbon double bonds,’’ by L. Crombie. 
‘‘ The energetics of reactions involving hydrogen peroxide, its radicals, and its 
ions,’’ by M. G. Evans, N. S. Hush, and N. Uri. 
‘‘ Transport control in heterogeneous reactions,”’ by L. L. Bircumshaw and A. C. 
Riddiford. 


ELECTION OF NEW FELLOWS. 


The following 117 Candidates were elected Fellows of the Society on February 2Ist, 
1952 : 


Derek Charles Abbott. 
Leslie Angus. 

Mohamed Zaki Barakat. 
George Arthur Bennett. 
Clement Ernle Beyts. 
John Boulton. 

Geoffrey Bratt. 

Graham John Brockis. 
Joan Daphne Bryan. 
Jack Francis Burgess. 
Keith Burten. 

Basil Richard Ryland Butler. 
Margaret Davis Cameron. 
Chester J. Cavallito. 
Charles Brian Chapman. 
James Orr Clelland. 


Brian Edward Percy Clement. 


Ronald Percy Cook. 
Donald Gilbert Coursey. 
Margaret Mary Crick. 
Michael Edwin Darlington. 
Herman John De Nordwall. 
Saleh Nour El Din. 

Max Dombrow. 

David Francis Downing. 
Geoffrey Fairfield. 

John Alan Farrington. 
Nancy Helen Farrow. 
David Feakins. 

Stuart W. Fenton. 

Peter William Foster. 
Gordon Ian Fray. 

Hanno Fry. 

Derek Gibbons. 

Donald Dalziel Keith Grant. 
Walter Bruno Gratzer. 
Leslie Durose Gregson. 


Harvey Gurien. 

Steven Hacobian. 

Zafar Ali Haidri. 

William John Hair. 
Albert John Hancocks. 
Kenneth Ralph Hanson. 
Thomas Hanson. 

Muriel Leroy Hardy. 
Paul Richard Hardy. 
Norman Harfleet. 
Norman James Harper. 
James John Hayes. 
Delton William Hein. 
Yngve Gust Hendrickson. 
Derrick Ernest Hoare. 
Alfred William David Hudgell. 
George Maxwell Knight Hughes. 
Harold Kirkwood Inskip. 
Graham Chadwick Ives. 
William David Jamieson. 
Robert Oliver Jenkins. 
Harry William Johnson. 
Brian Rolfe Jolliffe. 
Kapel Martin. 

Peter Thomas Keefe. 
Kenneth Albert Kerridge. 
David Kingston. 

Hubert Elmer Knipmeyer. 
Stefan Kruger. 

Baidya Nath Lahiri. 

Axel Wolfang Landman. 
Michael Franz Lappert. 
Glyn Evan Lee. 

Kenneth Orton Lee. 
Joseph Thomas Leone. 
Thomas Goulder Lunt. 
Peter Allan Lusher. 





John Alan Macdonnell-Gibbons, 
William Marfitt. 

Frederick Samuel Martin. 
Robert William Martin. 
James Mather. 

Simao Mathias. 

Surendra Raj Mehta. 

Alec Victor Mercer. 

Rafar Mirza. 

Donald Patrick Moody. 
Terence John Painter. 
John Peters. 

George Porter. 

Edmund Clarence Potter. 
Herbert Charles Prosser. 
Peter Devereux George Purdy. 
Sheila Ridley. 

John Robson. 

Alan George Ross. 

Derek Malcolm Sanderson. 
Peter Gwilym Saunders. 


James Willis Shepherd. 
Charles Albert Slater. 
Kenneth Claude Sleep. 
Anthony Campbell South. 
Douglas Alfred Irwin Stock. 
Haydn Sutcliffe. 

Alan Sykes. 

Alfred John Tetlow. 
William Edgar Trout. 
Charles William Tullock. 
Derek John Walbridge. 
John Walker. 

John Emrys Watkin. 
Ernest Arthur William Whitlock. 
Allen Geoffrey Williams. 
Donald Willis. . 
Francis Neil Wilson. 
Jeffrey Wilson. 

Harry George Woodhouse. 
John Harrison Young. 
Syed Husain Zaheer. 





Richard William Shan-Saabor. 


INTERNATIONAL CONGRESS ON ANALYTICAL CHEMISTRY, 1952. 


An International Congress on Analytical Chemistry will be held under the patronage 
of the International Union of Pure and Applied Chemistry and will meet at Oxford, during 
September 4th—9th, 1952. Sir Robert Robinson, O.M., D.Sc., F.R.S., is President of the 
Congress and Sir Wallace Akers, C.B.E., D.Sc., F.R.IL.C., is Vice-President. Meetings of 
the Board and Commissions of Section V, the Analytical Chemistry Section, of the Inter- 
national Union of Pure and Applied Chemistry, will probably take place on September 
3rd and 10th. 

Three main Congress lectures will be given by Professor Dr. C. J. van Nieuwenburg, 
Professor of Chemistry at the Technical University of Delft, Holland, Dr. Ralph H. Miiller, 
Los Alamos Scientific Laboratory, New Mexico, and Dr. L. H. Lampitt, Chief Chemist 
and Director of J. Lyons and Co., Ltd. 

The Scientific Sessions have been divided on a broad basis of techniques, into nine 
sections: Microchemical, Biological, Electrical, Optical, Radiochemical, Organic Com- 
plexes, Reporting of Results, Adsorption and Partition Methods, and Miscellaneous 
Techniques. Preprints of the papers will be issued before the Congress meets. English 
will be the official language, and it is hoped that all papers will be submitted in English. 
If an author finds it necessary to submit the paper in French or German, he must include 
summaries in each of the other two languages. The whole of the proceedings will be 
published, as soon as possible, after the Congress, in a special number or numbers, of The 
Analyst. 

During the Congress there will be in operation working demonstrations illustrating new 
techniques or special applications of older techniques in Analytical Chemistry. In addition 
to these, but quite separate from them, there will be a trade exhibition comprising apparatus 
and books. The Laboratory Demonstrations and the Trade Exhibition will be open for 
inspection during the whole period of the Congress, and members will be able to make 
their own arrangements to visit them. 

In addition to the Scientific Sessions there will be social functions and excursions to 
places of interest within reach of Oxford, and a special programme will be arranged for 
ladies not taking part in the Scientific Sessions. 

Accommodation has been arranged at various Colleges, and full details will be set out 
on the application form to be sent to those intending to be present at the Congress. The 
Registration fee is {2. 

Those who hope to attend the Congress are particularly requested to send notice to 
this effect, without delay, to the Honorary Secretary, R. C. Chirnside, Esq., F.R.1.C., 
Research Laboratories, The General Electric Co., Ltd., Wembley. 
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MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on February 7th, 1952, at 2.30 p.m. 


The President, Str Eric RIpEAL, M.B.E., M.A., D.Sc., F.R.S., was in the Chair. 
The President called upon those present to stand as a tribute to His Late Majesty 
King George VI, and an address to Her Majesty Queen Elizabeth II was read. 


MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on January 24th, 1952, 
were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society : G. W. Benkendorff, L. D. C. Bok, 
E. Wait, P. W. Allen, I. G. F. Gilbert, P. M. Cowan, T. R. Phillips, R. L. Martin, D. J. M. 
Bevan, J. F. Sumner, R. W. M. D’Eye, K. J. Gallagher, J. D. M. McConnell, R. J. Davis, 
R. Sidlow, T. E. Fletcher. 


SYMPOSIUM. 

The President called upon Professor A. R. Ubbelohde to open the Symposium 
entitled, “‘ The Physical Chemistry of Structural Changes in Solids” and invited him to 
take the Chair. The following contributions were made and discussed : 

“Review of the General Problem with Special Reference to the Solid—Liquid 
Transition,’ by Professor A. R. Ubbelohde. 
‘ The Solid—Liquid Equilibrium in Helium,” by Professor F. E. Simon. 
‘ Hysteresis in Phase Transitions,’ by Mr. L. A. K. Staveley. 
‘“ Nucleation in Solids during Thermal Decomposition,’’ by Professor W. E. Garner. 
‘ Lattice Defects in Equilibrium,” by Dr. J. S. Anderson. 
The meeting then adjourned until 7.30 p.m., when the following contributions were made : 
“ Ferro-electric and Ferro-magnetic Transitions in Crystals,’’ by Miss H. D. Megaw. 
‘‘ Changes of Internal Arrangement due to Absorption of Water; Stepwise Lattice 
Changes in Hemoglobin Crystals,’”’ by Dr. J. C. Kendrew. 
After a general discussion, a vote of thanks to Professor Ubbelohde and to the con- 


tributors to the symposium, proposed by Professor H. Burton, Honorary Secretary, was 
carried with acclamation. 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on Thursday, February 21st, 1952, at 7.30 p.m. 
The President, Sir Eric RipEat, M.B.E., M.A., D.Sc., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on February 7th, 1952, 
were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: T. Reichstein, J. R. Nunn, 
A. L. J. Raum, A. Busby, A. K. Kiang, D. S. Hoare, D. B. Cowell, D. D. Evans, P. M. 
Jones, W. K. Warburton, G. F. Oppenheim, J. A. K. Quartey, J. R. Bartelo-Keith, K. C. 
Hooper, R. J. Bridgwater. 
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CENTENARY LECTURE. 


The President called upon Professor T. Reichstein to deliver. the Centenary Lecture 
entitled, ‘‘ The Chemistry of the Cardiac Glycosides.”’ 

At the conclusion of the lecture a vote of thanks to Professor Reichstein proposed by 
Professor C. W. Shoppee was carried with acclamation. 


MEETINGS OUTSIDE LONDON 
EDINBURGH. 


Lecture and Demonstration by Quickfit and Quartz, Ltd. 


A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held on January 17th, 1952, in the lecture hall of the 
North British Branch of the Pharmaceutical Society, York Place. The Chairman, Dr. 
Neil Campbell, introduced two representatives of Quickfit and Quartz, Ltd., who gave 
short lectures: Mr. B. H. Turpin on glass and its manufacture, and Mr. J. McN. Bruce on 
glass chemical plant. The interest aroused by these talks was reflected in the subsequent 
discussion and inspection of the wide display of glass laboratory apparatus and industrial 
plant units. A vote of thanks moved by Dr. W. M. Ames was carried with enthusiasm. 


IRISH REPUBLIC. 


‘“ The Fine Structure of Polysaccharides,” by Dr. F. J. Coll., F.1.C.1. 


A meeting was held in the Chemistry Lecture Theatre, Trinity College, Dublin, on 
January 16th, 1952. The Lecturer dealt with the application of the Barry degradation to 
the investigation of the fine structure of lichenin laminarin, Floridean starch, snail 
galactogen, gum arabic, and carrageen mucilage. Among a number of interesting points 


brought out were the occurrence of an anhydro-sugar in Floridean starch and a 1 : 3 linked 
galactan backbone in gum arabic. A lively discussion followed, and the thanks of the 
meeting were conveyed to the Lecturer by the Chairman, Dr. V. C. Barry. 


LEEDS. 

“ The New Elements,”’ by Dr. F. Fairbrother. 

A meeting of the Society was held in the Chemistry Lecture Theatre of the University 
on January 29th, 1952, with Professor F. Challenger in the Chair. 

The Lecturer described the discovery of technetium, and noted similarities between 
astatine and iodine. Two techniques of special value in the isolation of new elements 
were discussed: the fractionation of rare-earth salts on ion-exchange resins, and its 
application to the discovery of promethium; and co-precipitation, with special reference 
to the study of unweighable quantities of new compounds, and the determination of their 
oxidation states. The production and chemistry of the transuranic elements were 
described, and possible extensions to the Periodic Table, involving the use of stripped 
carbon nuclei, were discussed. In conclusion, evidence for the filling of 5f and/or 6d 
electron shells in the transuranium elements was reviewed. 


After a discussion, a vote of thanks to the Lecturer, proposed by Professor E. G. Cox, 
was accorded with acclamation. 


SHEFFIELD. 

‘Some Relations between Crystal Structures,’’ by Dr. A. F. Wells, M.A. 

A joint meeting with the University Chemical Society was held in the Chemistry 
Lecture Theatre on January 31st, 1952, with Professor R. D. Haworth, F.R.S., in the Chair. 


After an introduction designed to show how, in the inorganic field, general geometrical 
relations might underlie a series of apparently diverse crystal structures, Dr. Wells 
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proceeded to consider the structures, produced by hydrogen bonding, of dihydroxy- 
compounds, and of diamides (e.g., resorcinol, nylon). These could be considered, geo- 
metrically, as three-dimensional networks of points, each point being linked, either by 
hydrogen bonds or through the covalencies of the molecular unit, to three others. On 
the motion of Dr. T. B. Smith, a cordial vote of thanks was given to the Lecturer. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for March, 1952. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


Anderson, Ernest Leslie, B.Sc. (Rand.). South African. Department of Chemistry, University of Cape 
Town, Rondebosch, Cape, S. Africa. Junior Lecturer. Signed by: W. Pugh, A. H. Spong, M. 
Lamchen. 

Andrews, Edwin Bolwell, D.Phil. (Oxon.), B.Sc. (Lond.). British. 180, Derby Road, Widnes, Lancs. 
Research Chemist. Signed by: T. L. Elliott, J. A. Harwood, R. Sidlow. 

Ashworth, Wilfred, B.Sc. (Manc.), F.L.A. British. British Nylon Spinners, Ltd., Pontypool, Mon. 
Librarian & Information Officer. Signed by: K. W. Mieszkis, K. Butler, R. M. Lodge. 

Aten, Dorothy Margaret, B.A. (College of Wooster), Ph.D. (Ohio). American. Dept. of Chemistry, 
Ohio State University, Columbus 10, Ohio, U.S.A. Research Fellow. Signed by: J. B. Armitage, 
C. L. Wilson, G. Eglinton. 

*Atherton, Philip. British. Hilton, Station Road, Holmes Chapel, Cheshire. Student at Royal 
Technical College, Salford. Signed by: E. G. Edwards, K. S. W. Sing, D. M. Lever. 

*Bavin, Patrick Michael Guy. British. c/o 50, Grosvenor Gardens, Woodford Green, Essex. Student 
at Queen Mary College, E.1. Signed by: C. M. French, R. F. Garwood, W. J. Hickinbottom. 
*Binns, Edward Handley, B.Sc. (Lond.). British. 28, Runswick Grove, Bankfoot, Bradford. Research 
Chemist with the Coal Tar Association, Gomersal, Nr. Leeds. Signed by: L. J. Wood, F. Popper, 

R. E. Dean. 

*Clow, James Archibald. British. 4, Priestfield Road, Edinburgh 9. Student at Edinburgh Uni- 
versity. Signed by: D. M. Wilson, E. Lloyd Jones, D. Taylor. 

*Coe, David Gordon, B.Sc. (Lond.). A.R.C.S. British. 12, Wellesley Crescent, Strawberry Hill, 
Twickenham, Middlesex. Research Student at Royal College of Science. Signed by: R. P. 
Linstead, H. N. Rydon, H. El Khadem. 

*Colclough, Richard Owens, B. A. and B.Sc. (Dublin), A.R.I.C. Irish. Department of Chemistry, The 
University, Leeds 6. Signed by: F. S. Dainton, G. M. Bristow, K. J. Ivin. 

*Coles, Lewis Edwin, B.Pharm. (Wales), Ph.C., M.P.S., A.R.I.C. British. 14, Philbeach Gardens, Earls 
Court, S.W.5. Research Student at University of London. Signed by: L. K. Sharp, A. L. Glenn, 
R. A. Webb. 

Collier, Roger Brian Frank, B.Sc. (Lond.). British. 124, Dicconson Street, Wigan, Lancs. Chemist. 
Signed by: H. F. Davenport, L. McGrath, G. Spencer. 

**Douglas, John Gilbert, B.Sc. (Lond.), A.R.I.C. British. 42, Herlwyn Avenue, Ruislip, Middlesex. 
Research Student at King’s College, London. Signed by: S. H. Harper, R. A. Abramovitch, D. 
Bryce-Smith. 

*Farquhar, James Thomson, B.Sc. (Lond.), A.R.I.C. British. Cloverdale, Kirkmichael, Ayrshire. 
Research Student at Royal Technical College, Glasgow. Signed by: H. G. A. Anderson, J. A. 
Cranston, A. J. P. Hogg. 

*Forder, Brian William. British. 59, Queen Alexandra Road, Salisbury, Wilts. Student. Signed 
by: F. G. Mann, P. Maitland, J. Harley-Mason. 

Hale, Douglas Knight, M.A. (Oxon.). British. Chemical Research Laboratory, Teddington, Middlesex. 
Senior Scientific Officer. Signed by: K. W. Pepper, H. T. Hookway, N. E. Topp. 

Hardesty, Francis, A.R.I.C. 49, Wellington Street, Felling, Gateshead, 10. Lecturer at Sunderland 
Technical College. Signed by: N. Ferry, J. Gibson, J. H. Wilkinson. 

Hawke, Frank, M.Sc. and Ph.D. (Rand.), F.R.I.C. South African. c/o Department of Industrial 
Chemistry, The University, Liverpool 3. Senior Lecturer at Witwatersrand University, Johannes- 
burg. Signed by: M. L. Meara, J. P. Riley, A. Mendelowitz. 

*Holdsworth, Samuel Donald. British. 43, Briarwood Drive, Wibsey, Bradford, Yorks. Student at 
Bradford Technical College. Signed by: K. L. Butcher, C. J W. Hooper, W. L. Thomas. 

*Howard, John Philip, B.Sc. (Lond.), A.R.I.C. British. 16, Warren Drive, Kingswood, Surrey. 
Research Student at Queen Mary College. Signed by: C. M. French, D. Harrison, D. F. Muggleton. 

*Howes, Roynon. British. 29, Marlowe Road, Cambridge. Student at University College, Hull. 
Signed by: G. W. Gray, C. Barker, Brynmor Jones. 

*Hoye, Peter Albert Theodore, B.Sc. (Lond.). British. 70, Perrymans Farm Road, Newbury Park, 

Ilford, Essex. Research Student at University College, London. Signed by: E, D. Hughes, C. K. 

Ingold, R. S. Nyholm. 
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Hug, A. K. M. Shamsul, M.Sc. (Dacca). Pakistani. Department of Physical and Inorganic Chemistry 
Royal College of Science, London, S.W.7. Research Student. Signed by: J. O. M. Bockris, 
I. A. Ammar, C. J. B. Fincham. 

Joerin, Michael Marcel. British. 92, Thistledene, East Molesey, Surrey. Student. Signed by: H. A. 
Rees, J. Bourne, R. L. D. Ellis. 

*Keir, Norman Hardie, B.Sc. (Edin.). British. Wilderburn, Galasheils, Selkirkshire. Research 
Student. Signed by: Mowbray Ritchie, Duncan Taylor, Neil Campbell. 

*Knight, Sidney Alfred, B.Sc. (Lond.). British. 106, Green Lanes, West Ewell, Surrey. Student. 
Signed by: J. McGhie, D. R. Goddard, M. K. Pradhan. 

*Kritzler, Sheila, B.Sc. (Lond.). British. Kvutzat Lavee, P.O.B. 24, Tiberias, Israel. Signed by: 
E. E. Turner, M. S. Lesslie, D. M. Hall. 

Kucera, Thomas Joseph, M.S. (Chicago). American. Department of Chemistry, Purdue University, 
Lafayette, Indiana, U.S.A. Research Fellow at Purdue University. Signed by: H. Feuer, J. H. 
Brewster, N. Kornblum. 

Lecocq, Jean. French. 85, Castle Street, Cambridge. Research at University Chemical Laboratory, 
Cambridge. Signed by: D. M. Brown, J. R. Quayle, D. I. Magrath. 

*Lehrie, Roy Sherwin. British. Chancellor’s Hall, Augustus Road, Edgbaston, Birmingham 15. 
Student at Birmingham University. Signed by: L. L. Bircumshaw, E. J. Bourne, J. T. Edward. 

*Linton, Walter Lindsay. British. 34, Sprouston Road, Newtown, St. Boswells, Roxburghshire. 
Student. Signed by: D. M. Wilson, E. Lloyd Jones, M. Ritchie. 

Macdonald, Robert Donald, B.Sc. (Lond.). British. 326A, Longbridge Road, Barking, Essex. 
Research Chemist. Signed by: J. N. Ashley, W. G. Leeds, S. S. Berg. 

*McGregor, Hugh Wallace, B.Sc. (Glas.), A.R.I.C. British. 110, Hillend Road, Lambhill, Glasgow, N.W. 
Chemist with Scottish Oils Ltd.,Grangemouth. Signed by: F. Rumford, J. Thomson, W. Anderson. 

*McKee, Douglas William, B.Sc. (Lond.). British. 31 Stanley Road, Mitcham, Surrey. Research 
Student at London University. Signed by: D.C. Jones, D. F. Muggleton, D. Harrison. 

Marsh, Dennis James, B.Sc. (Lond.), A.R.I.C. British. Chemistry Section, C.D.E.E., Porton, Nr. 
Salisbury, Wilts. Scientific Officer, Ministry of Supply. Signed by: A. H. Ford-Moore, L. J. 
Lermit, A. W. A. Wardrop. 

*Miller, George William, B.A. (Cantab.). Pymoor, Falgate Road, Walpole St. Peter, Nr. Wisbech, 
Cambs. Research Student at University of Cambridge. Signed by: J. Harley-Mason, T. S. 
Worthy, W. H. Stafford. 

*Mirvish, Sidney Solomon, M.Sc. (Cape Town). South African. 5, St. Mary’s Chambers, Cambridge. 
Research Student. Signed by: J. Murray, T. R. Quayle, M. H. Silk. 

Musgrave, Forrest Fairbrother, B.A. (Dalhousie), D.Phil. (Oxon.). Canadian. Anglamol Ltd., 110, 
Strand, London, W.C.2. Managing Director. Signed by: B. Topley, H. Coates, G. King. 

Naylor, James Rex, B.Sc. (Lond.), A.R.I.C. British. Boscawen, Weythorne Drive, Birtle, Bury, 
Lancs. Research Chemist at Calico Printers Association Ltd., Manchester. Signed by: D. 
Burgess, F. S. Statham, W. K. Birtwistle. 

*Oubridge, John Oliver Victor. British. 55, Pavilion Road, Worthing, Sussex. Student at University 
College, London. Signed by: A. Maccoll, D. J. Millen, D. P. Craig. 

“Pearson, John Trend. British. 48, The Drive, South Woodford, London, E.18. Student. Signed by: 
G. Mattock, H. Holness, R. A. Tingey. 

Pearson, Leonard Louis, B.Sc., A.R.C.S., F.R.I.C. British. Tretol, Ltd., 459/60, Edinburgh Avenue, 
Slough, Bucks. Technical Director. Signed by: N.W. Hanson, H. Brunner, C. H. Young. : 

Priscott, Barry Hugh, B.Sc. (Lond.). British. 36, Brandwood Road, King’s Heath, Birmingham 14. 
Assistant Chemist at Triplex Safety Glass Co. Ltd. Signed by: Allan C. Waine, R. G. Ault, A. G. R. 
Whitehouse. 

Pumphrey, William Idwal, M.Sc. and Ph.D. (Birm.). British. Murex Welding Processes Ltd., Hertford 
Road, Waltham Cross, Herts. Research Manager. Signed by: W. C. Peck, S. J. Kennett, E. C. 
Rollason. 

Redfearn, Geoffrey Leonard. British. 7, Cortayne Road, Fulham, S.W.6. British. Research 

Chemist with Bayer Products, Ltd., W. Molesey. Signed by: H.C. Barany, E. Miller, M. F. Ring. 

Richardson, Henry Lorimer, M.Sc. (New Zealand), Ph.D. (Lond.), F.R.L.C. British. I-C.I. Ltd., 
Central Agricultural Control, Nobel House, 2, Buckingham Gate, London, S.W.1. Agricultural 
Research Chemist. Signed by: E. D. Hughes, P. B. De la Mare, P. W. Robertson. 

Robertson, John Harry, B.Sc. and Ph.D. (Edin.), A.R.I.C. British. University Museum, Oxford. 
Research Assistant in Chemical Crystallography. Signed by: D. Hodgkin, H. M. Powell, E. Wait. 

*Roper, Derrick Anderton. British. 16, Deans Road, Swinton. Manchester. Student. Signed by: 
A. T. Austin, E. Rothstein, E. I. Chappell. 

*Rossotti, Francis Joseph Charles, B.A. (Oxon). British. Merton College, Oxford. Research Student. 
Signed by: H. Irving, L. A. K. Staveley, C. Phillips. 

Salt, Anthony Vernon. British. Granville House, Sunninghill, Ascot, Berks. Student Signed by: 
J. H. Skellon, J. W. Spence, C. Speers. 

*Sargeant, Kenneth, B.Sc. (L’pool). British. 7, Gorsey Lane, Wallasey, Cheshire. Research Student 
at Liverpool University. Signed by: J. S. E. Holker, D. Powell, R. Tower. 

Sherwood, James Howie. British. 126, Sandy Lane, Chorlton cum Hardy, Manchester 21. Assistant 
Technical Officer with Imperial Chemical Industries. Signed by: N. Barton, A. D. Ainley, H. C. 
Carrington. 
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*Singh, Tejinder, B.Sc. (Worcester, Mass.). Indiari. 22, Prithviraj Road, New Delhi, India. Chemical 
Engineer. Signed by: J. W. Gailer, E Kilner, L. V. Johnson. 

*§mith, Ethel, B.Sc. (Birm.). British. 15, Limehurst Road, Darlington, Co. Durham. Micro- 
biological Chemist. Signed by: L. L. Bircumshaw, A. E. James, F. G. E. Pautard. 

*Stevenson, Robert, jun. British. 84, Orangefield Crescent, Belfast, N.I. Student at Queens University. 
Signed by: R. G. R. Bacon, V. D. Tughan, H. Graham. 

Tawn, Alec Richard Hornsey, A.R.I.C. British. 56, Sandford Road, Bromley, Kent. Chief Resin 
Chemist at Coates Bros. & Co. Ltd., St. Mary Cray. Signed by: T. A. Saunders, J. W. Cornish, 
W. K. H. Lakin. 

Thabit, Jamil P., M.Sc. (Michigan). Iraqi. Chemistry Department, University College, Gower Street, 
London, W.C.1. Student. Signed by: H. Terrey, D. J. Millen, R. J. Gillespie. 

Thomas, Alwyn. British. Meadway, Writhlington, Nr. Bath, Somerset. Area Scientist and Coal 
Preparation Engineer, National Coal Board. Signed by: W. H. Simmons, H. J. Willavoys, A. 
Marsden. 

Thomas, David Ivor, B.Sc. (Lond.). A.R.1.C. British. 117, Parkway, Dorking, Surrey. Chemist at 
P.A.T.R.A., Leatherhead. Signed by: W. H. Banks, R. R. Coups, J. Lawrie. 

*Thompson, John Martin, B.Sc. (Manc.). British. 41, Alexandra Road, Eccles, Manchester. Research 
Student at Manchester University. Signed by: H. B. Henbest, C. Campbell, T. G. Halsall. 

*Thomson, James Bernard. British. 44, McIntyre Street, Glasgow C.3. Student at Glasgow Uni- 
versity. Signed by: J. Bell, J. C. Speakman, T. H. Goodwin. 

Twiselton, Maurice Samuel James, B.Sc. (Lond.), A.R.I.C. British. 6, Brackens Avenue, Alvaston, 
Derby. Lecturer at Derby Technical College. Signed by: A. G. Catchpole. W. C. Garratt, J. 
Wood. 

*Walker, John Derek. British. 9a, Church Crescent, Hackney, London, E.9. Student at Woolwich 
Polytechnic. Signed by: A. I. Vogel, G. H. Jeffery, J. C. Wiltshire. 

White, Raymond Frederick Martin, B.Sc. (Lond.). British. Fairbourne, Tatling End, Gerrards Cross, 
Bucks. Research Student. Signed by: E. D. Hughes, C. K. Ingold, W. H. Lee. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Bolzan, Juan Enrique. Argentino. Calle 8 No. 971—La Plata, Argentina. Research. Signed by: 
D. R. Rexworthy. 

Culbertson, Harry M., M.S. and Ph.D. (Oregon State College). American. 25, Colonial Road, Woburn, 
Massachusetts, U.S.A. Research Chemist with Monsanto Chemical Co. Signed by: A. Maggiolo. 

Dobbins, James Talmage, M.A. and Ph.D. (North Carolina). American. Department of Chemistry, 


University of North Carolina, Chapel Hill, North Carolina, U.S.A. Professor of Chemistry. Signed 
by: R. L. Evans, Foster Dee Snell. 

Filler, Robert, M.S. and Ph.D. (Iowa). American. 1149, Race Drive, Troy, Ohio, U.S.A. Research 
Chemist at Wright Air Development Centre, U.S.A.F. Signed by: O. R. Pierce. 

Fruton, Joseph Stewart, B.A. and Ph.D. (Columbia). American. Yale University School of Medicine, 
333, Cedar Street, New Haven, Connecticut, U.S.A. Professor of Biochemistry. Signed by: V. M. 
Ingram. 

Gibson, David Stuart. British. Trinidad Petroleum Development Co. Ltd., Palo Seco, Trinidad, B.W.I. 
Chemist. Signed by: T. T. Baker, E. G. Baker. 

Grob, Cyril Anthony, D.Tech.Sc. (Zurich). Swiss. 71, Socinstrasse, Basle, Switzerland.: Professor of 
Chemistry at Basle University. Signed by: T. Reichstein. 

Hope, Fred J., B.S. (Polytechnic Institute of Brooklyn). U.S.A. 93 East Lawn Drive, Teaneck, New 
Jersey, U.S.A. Chemist at H. Kohnstamm & Co. Inc., Brooklyn. Signed by: R. L. Evans, 
Foster Dee Snell. 

*Hotz, Marcus Charles Bashew, B.Sc. (Cape Town). South African. 359, Main Road, Sea Point, Cape 
Town, C.P., South Africa. Student. Signed by: W. Pugh. 

Knox, Lawrence Howland, Ph.D. (Harvard). American. Hickrill Chemical Research Foundation, 
Inc. Maple Avenue, Katonah, New York, U.S.A. Research Associate. Signed by: W. von 
Eggers Doering. 

Krimen, Lewis Irvin, B.S. (Albright College). American. Room 3, Chemistry Annex, Urbana, Illinois, 
U.S.A. Teaching Assistant, University of Illinois. Signed by: D. Y. Curtin. 

Markhart, Albert H., jun., B.S. (Alabama), Ph.D. (California). American. 5, Terrace Court, Green- 
wood, Massachusetts, U.S.A. Research Chemist. Signed by: A. Maggiolo. 

Milazzo, Giulio, D.Chem. (Rome). Italian. Piazza G. Verdi 9, Rome, Italy. Professor of Electro- 
chemistry at University of Rome. Signed by: G. B. Marini Bettolo, S. J. Pirt. 

Morath, Richard Joseph, B.Chem. (Minnesota), M.S. (Washington State College). American. Chemistry 
Department, Washington State College, Pullman, Washington, U.S.A. Teaching Assistant in 
Chemistry. Signed by: K.N. F. Shaw. 

Nozoe, Tetsuo, D.Sc. (Osaka). Japanese. Chemical Institute, Faculty of Science, Tohoku University 
Sendai, Japan. Professor of Organic Chemistry. Signed by: J. W. Cook. 

O’Brien, Joseph F., B.A. and M.S. (Lehigh). American. 59, Central Avenue, Apt. 512, Dayton, Ohio, 
U.S.A. Research Chemist in U.S.A.F. Signed by: O. R. Pierce. 

*Palchak, Robert Joseph Francis, M.S. (Pittsburgh). American. Department of Chemistry, University 
of Cincinnati, Cincinnati 21, Ohio, U.S.A. Student. Signed by: A. 1. Kosak, I. R. MacGregor. 
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Postelnek, William, B.S. (Illinois Inst. of Tech.). American. Wright Air Development Centre, Area B, 
Box 7783, Wright-Patterson, A.F.B., Dayton, Ohio, U.S.A. Chemist. Signed by: O. R. Pierce. 

Rosenberg, Harold, M.S. and Ph.D. (Illinois). American. Box 241, Medway, Ohio, U.S.A. Research 
Chemist with U.S. Air Force. Signed by: O. R. Pierce. 

Sommer, Leo Harry, M.S. and Ph.D. (Pennsylvania State College). Department of Chemistry, The 
Pennsylvania State College, State College, Pennsylvania, U.S.A. Assistant Professor of 
Chemistry. Signed by: F. Sondheimer. 

Symes, William F., B.S. (Southwestern), M.A. and Ph.D. (Columbia). American. 10, Forest Street, 
Cambridge, Massachusetts, U.S.A. Research Chemist. Signed by: A. Maggiolo. 

Tecotzky, Melvin, B.S. (Illinois). American. 301, W. Illinois Street, Urbana, Illinois, U.S.A. Research 
Assistant at Illinois University. “Signed by: D. Y. Curtin. 

*Varshney, Ishwar Prasad, M.Sc. (Aligarh). Indian. 131, Mahabir Ganj, Aligarh, India. Research 
Student at Muslim University, Aligarh. Signed by: A. Omar Farooq. 

Zuckerman, Samuel, M.S. and Ph.D. (Polytechnic Institute of Brooklyn). American. H. Kohnstamm 
& Co. Inc., 83, Park Place, New York, N.Y., U.S.A. Chemist. Signed by: H. L. Evans, Foster 
Dee Snell. 

* Reduced subscription. 





PAPERS RECEIVED 
(List of papers received between January 17th and February 18th, 1952.) 

‘““ Sesquiterpenoids. Part II. Tricyclic derivatives of caryophyllene.’’ By D. H. R. 
BarTON, T. Bruun, and A. S. LINDSEY. 

‘‘ Magnetochemistry of the heaviest elements. Part VI. PuO,-ThO, and PuF,-ThF, 
solid solutions.”” By J. K. DAwson. 

‘Silica sols. Part I. The titration of silica sols.’’ By K. C. BRYANT. 

‘Silica sols. Part II. Conditions of stability.’” By S. BAXTER and K. C. BRYANT. 

“Silica sols. Part III. Accelerated gelation and particle size.’’ By S. BAXTER and 
K. C. BRYANT. 

‘Structure and ameebicidal activity. Part III. Aliphatic diamines.’’ By D. MURIEL 
HALL, SARDAR MAHBOOB, and E. E. TURNER. 

‘“ The determination of carbon—methyl groups in some branched-chain fatty acids.’’ By 
A. D. CAMPBELL amd (Miss) J. E. MorRTON. 

‘“ Fluorescence obtained from formic acid, carbonyl chloride, and methylene iodide.”’ 
By P. J. DyNeE and D. W. G. STYLE. 

‘‘ The origins of the fluorescences obtained from formic acid and methylene iodide.’’ By 
D. W. G. STYLE and J. C. WARD. 

‘“ Hydroaromatic steroid hormones. Part III. Some angular-methylated intermediates.’ 
By A. J. Brrcn, J. A. K. QUARTEY, and HERCHEL SMITH. 

‘‘ The fluorescence of some coumarins.’’ By CHARLES E. WHEELOCK. 

‘‘ Fused carbon rings. Part XX. Experiments directed towards the synthesis of simple 
pentalenes.’’ By C.T. BLoop and R. P. LINSTEAD. 

‘Fused carbon rings. Part XXI. Dibenzopentalene.’’ By C. T. BLoop and R. P. 
LINSTEAD. 

“The preparation of 4: 4’-Ditetrahydropyranyl and of ethane-1 : 1 : 2: 2-tetra-acetic 
acid.’” By C. T. BLoop, N. J. CARTWRIGHT, and R. P. LINSTEAD. 

‘The structure and properties of certain polycyclic indolo- and quinolino-derivatives. 
Part V. Derivatives of 1 : 2-dihydro-1-keto-4 : 5-dimethyl-liline.”” By C. Y. ALMOND 
and FREDERICK G. MANN. 

‘Studies of trifluoroacetic acid. Part V. Trifluoroacetic anhydride as a condensing 
agent in reactions of nitrous and nitric acid.’’ By E. J. Bourne, M. Stacey, J. C. 
TATLow, and J. M. TEDDER. 

‘The nitration of esters of 4-hydroxydiphenyl. The preparation of 4-hydroxy-4’-nitro- 
and -2’-nitro-diphenyls.’” By BRYNMOoR JONEs and (in part) FRANK CHAPMAN. 

‘‘ The oxidation of simple organic substances by sodium metaperiodate in solutions exposed 
to daylight.’” By FRANKS. H. HEAD and G. HUGHEs. 

‘“The uncatalyzed reaction of olefins with acyl chlorides. Part I. Reaction of 1: l- 
diphenylethylene.’’ By FELIX BERGMANN, SHALOM ISRALASHVILI, and Dov GOTTLIEB. 
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“* Oxonols derived from azol-5-ones.’’ By EDWARD B. KNotrT. 

“‘ The polymerisation of styrene by titanic chloride. PartI. Kinetics.’’ By P. H. PLEscu. 

“The polymerisation of styrene by titanic chloride. Part II. The end groups.’’ By 
P. H. PLESCH. 

“The polymerisation of styrene by titanic chloride. Part III. Discussion.’’ By P. H. 
PLESCH. 

“* Some physical prdperties of cis-stilbene.’’ By D.S. BRACKMAN and P. H. PLEscu. 

“‘ The structure of alginic acid. Part II.’’ By S. K. CHanpa, E. L. Hirst, (the late) 
E. G. V. PERCIVAL, and A. G. Ross. 

“‘ Potential trypanocides of the N-heterocyclic series. Part VI. Compounds derived 
from phenanthridine-9-aldehydes.’’ By A. G. CALDWELL. 

“West African plant gums. Part I. Khaya grandifoliola and Anogeissus schimperi.”’ 
By R. J. McILroy. 

““ The chemistry of the triterpenes. Part XI. The conversion of lupeol into germanicol 
(tsolupeol). The structure of lupeol hydrochloride."’ By T. G. HALSALL, E. R. H. 
Jones, and G. D. MEAKINS. 

‘“‘The chemistry of the triterpenes. Part XII. The action of formic acid on lupeol.”’ 
By T. R. Ames, G. S. Davy, T. G. HALSALL, and E. R. H. JONEs. 

‘‘ The mercury-photosensitised reaction of tetrafluoroethylene.’’ By B. ATKINSON. 

“The use of the Spekker photoelectric absorptiometer with especial reference to the 
determination of pH. Part I. General conditions affecting accuracy.’’ By T. B. 
SMITH and P. WooDWArRD. 

““The use of the Spekker photoelectric absorptiometer with especial reference to the 
determination of pH. Part II. The determination of pK values for indicators.”’ 
By T. B. Smitu, C. A. WHITE, P. Woopwarp, and P. A. H. Wyatt. 

“The alleged Beckmann rearrangement of quinone mono-oxime.’’ By R. A. RAPHAEL 
and EMANUEL VOGEL. 

“* Substituted aromatic glycols prepared by electrolytic reduction.’’ By MILTON J. ALLEN, 
JAMEs E. FEARN, and HAROLD A. LEVINE. , 

“‘ Structural chemistry of the alkoxides. Part I. Amyloxides of silicon, titanium, and 
zirconium.’’ By D.C. BRADLEY, R. C. MEHROTRA, and W. WARDLAW. 

“‘ The chemistry of extractives from hardwoods. Part VII. Constituents of muninga, the 
heartwood of Pterocarpus angolensis. B. 2 : 4-Dihydroxyphenyl 1-p-methoxyphenyl- 
ethyl ketone (angolensin).’’ By F. E. Kine, T. J. Kine, and A. J. WARWICK. 

“‘ The use of nitro- and halogeno-ketones in the synthesis of pteridines, including pteroic 
acid, from 2: 4: 5-triamino-6-hydroxypyrimidine.”’ By F. E. Kine and P. C. 
SPENSLEY. 

“‘ The sphingolipid field. Part II. An improved synthesis of racemic 2-amino-octadecane- 
1 : 3-diols, and an X-ray examination of derivatives.’’ By M. J. EGrrrton, G. I. 
GREGORY, and T. MALKIN. 

“Action of lithium aluminium hydride on (a) NN’-diarylsulphonyl derivatives of 
dianthranilide, and (b) photo-peroxides of 9: 10-diarylanthracene.’’ By AHMED 
MUSTAFA. 

“Relation between hyperconjugation and intramolecular configuration. Part I. The 
ethyl alcoholysis of some derivatives of diphenylmethy] chloride.’’ By G. BADDELEY 
and M. GorDon. 

“An improved synthesis of 4-bromo-4’-hydroxydiphenyl.’’ By G. W. Gray, J. B. 
HARTLEY, and BRYNMOR JONES. 

“Aromatic keto-enols. Part II. Some new i1:2:3:4-tetrahydro-l : 4-diketo- 
naphthalenes and -anthracenes.’’ By D. B. Bruce and R. H. THomson. 

“* A synthesis of 3 : 4 : 6-trimethyl glucose.’’ By G. D. GREVILLE and D. H. NorTHCOTE. 

“‘ Carcinogenic nitrogen compounds. Part XI. Indeno(I’ : 2’-2 : 3)indoles, benzoindeno- 
(1’ : 2’-2 : 3)indoles, and related compounds.”’ By Ng. Ph. Buu-Hoi and Ng. D. Xuong. 

““ Experiments with diazomethane and its derivatives. Part XVII. Experiments with 
acenaphthylene, 1: 2-diketones, and stilbeestrol.’’ By ALEXANDER SCHONBERG, 

AHMED MustTAFA, and NAZIH LATIF. 
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‘“ Researches on acetylenic compounds. Part XXXVIII. A new method for the intro- 
duction of the acetylenic linkage.’’ By G. Eciinton, E. R. H. Jones, and M. C. 
WHITING. 

‘Researches on acetylenic compounds. Part XXXIX. General routes to aliphatic 
polyacetylenic hydrocarbons and glycols.’’ By C. L. Cook, E. R. H. Jones, and 
M. C. WHITING. 

‘‘ Homolytic aromatic substitution. Part II]. Competitive experiments on the phenyl- 
ation of benzene, nitrobenzene, chlorobenzene, and pyridine. Partial rate factors 
for nitrobenzene.”’ By D. R. Aucoop, D. H. Hey, and CARETH H. WILLIAMs. 

‘‘ N-Substituted glycosylamines. Part III. Acetates, benzoates, and methyl ethers.”’ 
By G. P. ELtis and JouNn HONEYMAN. 

‘‘ Force constants in polyatomic molecules.’’ By W. J. ORVILLE THOMAS. 

‘‘The preparation of some substituted homophthalic acids.’” By A. S. BAILEY and 
R. S. STAUNTON. 

‘“‘Triazoles. Part I. The preparation of 3: 5-dimethyl-l-phenyl-l : 2: 4-triazole.’’ By 
M. R. Atxrnson, A. A. Komzak, J. B. Potya, and P. L. TARDREW. 

‘‘ Triazoles. Part II. The mechanism of the Pellizzari reaction.’’ By M. R. ATKINSON 
and J. B. Potya. 

‘‘Triazoles. Part III. The Einhorn-Brunner reaction.’’ By M. R. ATKINSON and J. B. 
POLYA. 

‘Steroids. Part I. A new preparation of the cholesteryl halides.’’ By C. W. SHOPPEE 
and G. H. R. SUMMERs. 

‘Steroids. Part II. The preparation of epicholesteryl chloride and bromide.’’ By 
C. W. SHOPPEE and G. H. R. SUMMERs. 

‘‘Xanthonesandthioxanthones. PartIV. The preparation and properties of 9-oxa-l-aza- 
anthrone and 9-thia-l-aza-anthrone.’’ By FREDERICK G. MANN and (MrRs.) J. A. REID. 

‘‘Thermal cyclization of o-aroyloxyacetoarones. Part II. Further syntheses in the 
flavone series (diflavones and flavonols).’”” By (Miss) H. M. Lyncu, T. M. O’Toote, 
and T. S. WHEELER. 

‘‘ Organometallic fluorine compounds. Part V. Trifluoromethyl compounds of arsenic.”’ 
By G. R. A. BRanpt, H. J. EMELEus, and R. N. HASZELDINE. 

‘‘ The retardation of benzaldehyde autoxidation. Part I]. A comparative study of the 
actions of -cresol, m-2-xylenol, and their oxidation products.’’ By WILLIAM A. 
WATERS and CHARLES WICKHAM- JONES. 

‘‘ The retardation of benzaldehyde autoxidation. Part III. A kinetic study of the actions 
of 3:5: 3’: 5’-tetramethyl-4 : 4’-diphenoquinone and the corresponding hydro- 
quinone.”” By J. R. Dunn, WiLtiaM A. WATERS, and CHARLES WICKHAM-JONES. 

‘‘ The retardation of benzaldehyde autoxidation. Part IV. A note on the isolation of 
chain-termination products from 3:5: 3’: 5’-tetramethyl-4 : 4’-diphenoquinone.”’ 
By R. F. Moore and WILLIAM A. WATERS. 

‘‘ The substitution reactions of bromine activated by neutron capture.’ 
DICKENSON. 

‘‘ Purification of yttrium by precipitation with sodium nitrite.’’ By O. M. M. Hitat and 
(in part) M. KLABBADY. 

‘* Reaction of propiolactone with indoles and pyrrole.’’ By J. HARLEY-MAson. 

‘‘ The effect of structure of diacyl peroxides on their radical-induced decomposition in 
vinyl monomers.’’ By W. Cooper. 

‘‘The analysis of pyridine bases from coal tar by infra-red absorption spectroscopy.”’ 
By A. B. DENsHAM, D. J. LANGsTon, and G. GOUGH. 

‘‘ Studies of the localization theory of organic reactions. Part II. The effects of substit- 
uents.”’ By R. D. Brown. 

‘‘Nitramines and nitramides. Part III. The formation of nitric acid by the action of 
sulphuric acid.”’ By C. HotsTeEap and ALEX. H. LAMBERTON. 

‘The kinetics of the metal-ion catalysed decarboxylation of acetonedicarboxylic acid.’’ 
By J. E. PRUE. 

‘‘ isoPropylidene derivatives of glucosone.’’ By S. BAYNE, G. A. COLLIE, and J. A. FEWsTER. 


By A. F. TROTMAN- 
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‘‘The molecular rearrangement of the phenylhydrazones of thio-oxindole-3-aldehyde and 
By R. H. GLAUERT and FREDERICK G. MANN. 

Some further observations on the constitution of lanosta- 
By C. S. Barnes, D. H. R. Barton, J. S. FAwsett, and 


” 


of 3-acetyl(thio-oxindole). 

“Triterpenoids. Part VII. 
dienol (lanosterol).”’ 
B. R. THOMAS. 

‘‘ Studies in the phenanthridine series.’” By P. DE Mayo and W. RicBy. 

“‘ The polyphosphates of cadium, zinc, and lead; their complex character, composition, and 
behaviour.’ By M. BoBTetsky and S. S. KERTEs. 

‘‘The polyphosphates of calcium, strontium, barium, and magnesium; their complex 
character, composition, and behaviour.’’ By M. BosTetsky and S. S. KERTEs. 

‘‘The polarographic reduction of crystal-violet, brilliant-green, malachite-green, and 
auramine.’’ By E. C. Kaye and H. I. STONEHILL. 

‘* Perfluoroalkyl Grignard reagents. Part I. The preparation of heptafluoro-n-propyl- 
magnesium iodide.”’ By R. N. HASZELDINE. 

‘* Kinetic salt effects on the decomposition of diacetone alcohol in solutions of tetra-alkyl- 
ammonium hydroxides.’’ By E.S. HALBERSTADT and J. E. PRUE. 

‘The thorium-selenium system.”’ By R. W. M. D’EyE, P. G. SELLMAN, and Miss J. R. 
MURRAY. 

‘4: 5-and 3: 6-Dinitronaphthalic anhydrides.’’ By F. BELL. 

‘‘ The metal-catalysed reaction between acetylene and hydrogen. Part VI. 
over rhodium and iridium.’’ By J. SHERIDAN and W. D. REID. 

‘‘ Chemical actions of ionising radiations in solutions. Part XII. The action of X-rays on 
ammonia in aqueous solution.’”’ By Tyson R1GG, GEORGE SCHOLEs, and JosEPH WEISS. 

‘The preparation of some aw-di-2-quinazolinylalkanes.’” By K. SCHOFIELD, T. Swain, 
and-R. S. THEOBALD. 

‘‘ 4-Phenylquinazoline.’” By K. SCHOFIELD. 

‘‘Cinnolines. Part XXVIII. The nature of the C;,)-position. 
Bossel synthesis of 3-hydroxycinnoline.’’ By E. J. ALForD and K. SCHOFIELD. 

‘ 3-Nitro-o-cresol.’” By R. Lone and K. SCHOFIELD. 

‘‘ The kinetics of catalytic polymerizations. Part III. The kinetics and mechanism of 
the polymerization of a-methylstyrene catalyzed by aluminium chloride.”” By 
D. O. Jordan and A. R. Mathieson. 

‘‘ The kinetics of catalytic polymerizations. Part IV. Molecular-weight distribution in 
polar polymerizations.’’ By D. O. JORDAN and A. R. MATHIESON. 

‘* The kinetics of catalytic polymerizations. Part V. The molecular-weight distribution of 
poly-«-methylstyrene prepared by the aluminium chloride catalyzed polymerization.”’ 
By D. O. JoRDAN and A. R. MATHIESON. 


The reaction 


Part I. The Neber- 





ADDITIONS TO THE LIBRARY 


HAYHURST, HORACE. Infestation of 
stored products. Manchester 1951. pp. 10. 
(From Mem. Proc. Manchester Lit. Phil. Soc., 
1951—52, 93.) (Reference.) From the Author. 

MADDISON, ROBERT EDWIN WITTON. 
Studies in the life of Robert Boyle, F.R.S. 


, I. Donations. 

ARKANSAS, UNIVERSITY OF. Institute of 
Science and Technology. Bibliography of 
differential thermal analysis. By W. J. 
SMOTHERS, YAO CHIANG, and ALLAN WILSON. 
Fayetteville 1951. pp. iv + 44. (Research 


Series, No. 21.) (Reference.) 
From the Director. 
Duar, NIL RATAN [and others). Coals 
and their use as manure. Allahabad 1950. 
pp. 72. ill. (From Proc. Nat. Acad. Sci., 
India, 1950, 19.) (Reference.) 
From Professor Dhar. 
FAIRRIE, GEOFFREY. The sugar refining 
families of Great Britain. London 1951. 
pp. xii + 35. ill. Tate & Lyle, Ltd. 
From the Author. 


Part 1. Robert Boyle and some of his foreign 
visitors. London 1951. pp. 35. ill. (From 
Notes and Records Roy. Soc. London, 1951, 9.) 
(Reference.) From the Author. 
MALAYA, FEDERATION OF. Institute for 
Medical Research. Bulletin, New Series, No. 5. 
A study of the nutritional value of some 
varieties of Malayan rice. By I. A. SIMPSON, 
A. Y. CHow, and C.C. Son. Kuala Lumpur 
1951. pp. 28. ill. (Reference.) 
—— —— — No. 6. The distribution of 








48 


thiamine and riboflavine in rice grains; with 
a study of changes that occur in the distribu- 
tion of thiamine during the process of par- 
boiling rice. ByI.A.Stmpson. Kuala Lum- 
pur 1951. pp. 19. ill. (Reference.) 
From the Director. 
Monp NICKEL Co., Ltp. The story of 
Mond nickel. [By A.C. STURNEY.] [London] 
1951. pp. vi+ 63. ill. (Recd. 11/2/52.) 
From the Company. 
PROGRESS IN BIOPHYSICS AND BiIo- 
PHYSICAL CHEMISTRY. Vol. 2. Edited by 
JoHN ALFRED VALENTINE BUTLER and JOHN 
TURTON RANDALL. London 1951. pp. viii + 
323. ill. (Reference.) Pergamon Press. 50s. 
From Dr. Butler. 
PROGRESS IN ORGANIC CHEMISTRY. 
Vol. 1. Edited by JAMES WILFRED CooK. 
London 1952. pp. viii + 287. ill. (Refer- 
ence.) Butterworth. 50s. 
From Professor Cook. 
WALLIS, THOMAS EDWARD. Textbook of 
pharmacognosy. 2nd edition. London 1951. 
pp. xi + 556. ill, Churchill. 35s. (Recd. 
7/2/52.) From the Author. 


II. By Purchase. 

BENNETT, ALVA H. [and others]. 
microscopy; principles and 
New York 1951. pp. xiii + 320. ill. 
$7.50. (Recd. 28/1/52.) 

CASEY, ROBERT SABERT, and PERRY, 
JAMES WHITNEY. Punched cards, their ap- 
plications to science and industry. New 
York 1951. pp. viii + 506. ill. Reinhold. 
$10. (Recd. 28/1/52.) 

DEUEL, HARRY JAMES, JNR. The 
lipids; their chemistry and biochemistry. 
Vol. 1. Chemistry. New York 1951. pp. 
xxiv + 982. ill. Interscience. £7. 8s. (Recd. 
28/1/52.) 

ELLIOTT, 
Laboratory 


Phase 
applications. 
Wiley. 


A., and Dickson, J. Home. 


instruments; their design and 
application. London 1951. pp. 414. ill. 
Chapman & Hall. 32s. (Recd. 28/1/52.) 
FRIEDEL, ROBERT A., and Porn. 
MILTON. Ultraviolet spectra of aromatic com- 
pounds. New York 1951. pp. vi + [369). 
Looseleaf file.] (Reference.) Wiley. $10. 
GODDARD, FREDERICK WALTER. Higher 
chemical arithmetic. London 1951. pp. viii+ 
221. Longmans. 8s. (Recd. 28/1/52.) 
HANDBUCH DER PRAPARATIVEN ANOR- 
GANISCHEN CHEMIE. Lfgn. 1, 2, and 3. 
Edited by GEORG BRAUER. Stuttgart 1951. 
pp. 160; 161 to 320; 321 to 480. ill. (Refer- 
ence.) Enke. 37s. per Lfg. 
INTERNATIONAL UNION OF CRYSTALLO- 
GRAPHY. Structure Reports. Vol. 11, 1947— 
48, etc. Edited by A. J. C. WILSON [and 


others]. Utrecht 1951 +. 
hoek’s Uitgevers Mij. 
KUcHLER, L. 
Berlin 1951. 
DM. 36.60. 
MACHU, 


(Reference.) Oost- 
55 Guilders. (Vol. 11.) 
Polymerisationskinetik. 

pp. viii + 287. ill. Springer. 

(Recd. 13/2/52.) 

WILLI. Das Wasserstoffperoxyd 
und die Perverbindungen. 2nd _ edition. 
Wien 1951. pp. xii + 396. ill. Springer. 
84s. (Recd. 23/1/52.) 

PorTER, M. W., and SPILLER, REGINALD 
CHARLES. The Barker index of crys- 
tals; a method for the identification of 
crystalline substances. Vol. 1. Crystals of 
the tetragonal, hexagonal, trigonal, and ortho- 
rhombic systems. Part 1. Introduction and 
tables. Cambridge 1951. pp. ix + 120 + 
(229). ill. (Reference.) Heffer. 30s. 

RESEARCH ASSOCIATION OF BRITISH 
RUBBER MANUFACTURERS. Rubber tech- 
nology. Lectures held at the Croydon sum- 
mer school. Edited by R. C. W. MoaAkeEs 
and W. C. WAKE. London 1951. pp. xiv + 
199. ill. Butterworth. 25s. (Recd. 12/2/52.) 

Ropp, ERNEST HARRY. Editor. Chem- 
istry of the carbon compounds; a modern 
comprehensive treatise. Vol. 1. Part A. 
General introduction and aliphatic compounds. 
Amsterdam 1951. pp. xxiii + 777. — ill. 
(Reference.) Elsevier. £6. 

Root, HuBer H. Beeswax; its pro- 
perties, testing, production, and applications. 
Brooklyn 1951. pp. v + 154. ill. Chemical 
Publ. Co. $4.75. (Recd. 13/2/52.) 

Sax, N. IRVING assisted by M. J. O’HERIN 
and W. W. SCHULTZ. MHandbook of 
dangerous materials. New York 1951. pp. 
viii + 848. ill. (Reference.) Reinhold. $15. 

SPELLER, FRANK N. Corrosion, causes 
and prevention. 3rd edition. New York 
1951. pp. xiii + 686. ill, McGraw-Hill. 
$10. (Recd. 13/2/52.) 

STAUDINGER, ee 
Kolloidchemie. 3rd edition. 
1950. pp. ix + 308. ill. 
DM 16.2. (Recd. 28/1/52.) 

UNITED STATES. National Research Coun- 
cil, Division of Physical Sciences. Committee 
on Solids. Phase transformations in solids. 
Symposium held at Cornell University, 
August 23—26, 1948. New York 1951. pp. 
x + 660. ill. Wiley. $9.50. (Recd. 28/1/52.) 

YOUDEN, WILLIAM JOHN. Statistical 
methods for chemists. New York 1951. pp. 
x +126. ill. Wiley. $3. (Recd. 28/1/52.) 

ZEMANSKY, MARK W. Heat and 
thermodynamics; an intermediate textbook 
for students of physics, chemistry, and engin- 
eering. 3rdedition. London 1951. pp. xiv + 
465. ill. McGraw-Hill, Ltd. 42s. 6d. (Recd. 
12/2/52.) 
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SCIENTIFIC MEETINGS DURING MAY, 1952 
LONDON. 


Thursday, May 8th, at 6.30-8.30 p.m. 


A Reception and Conversazione will be held, by kind permission of the University 
authorities, on Thursday, May 8th, at 6.30-8.30 p.m. at the Senate House, 
University of London. Exhibits of current chemical interest will be displayed, 
and various scientific films will be shown. 

The price of tickets is seven shillings and sixpence each, including sherry and 
light refreshments (Dress Informal). Full details have been circulated to all 
Fellows. 


BIRMINGHAM. 
Friday, May 9th, at 4.30 p.m. 


Lecture, The Mechanism of the Breakdown of Macro-molecules, by Professor H. W. 
Melville, D.Sc., F.R.S. Joint meeting with the University Chemical Society to 
be held in the Chemical Lecture Theatre of the University, Edgbaston. 


EXETER. 
Monday, May 5th, at 5 p.m. 


Meeting for the reading of original papers to be held in the Washington Singer 
Laboratories, Prince of Wales Road. 


NEWCASTLE AND DURHAM. 
Friday, May 2nd, at 5.30 p.m. 
Bedson Club Lecture, Recent Advances in the Chemistry of the Heaviest Elements, 
by Dr. J. S. Anderson, M.Sc., A.R.C.S. To be given in the Chemistry Building, 
King’s College. (All Fellows are invited.) 
NORTH WALES. 
Thursday, May 1st. 


This meeting has been cancelled. 


SOUTHAMPTON. 
Friday, May 16th, at 5 p.m. 


Lecture, The Application of Electric Dipole Moment Measurements to Chemical 
Problems, by Dr. L. E. Sutton, F.R.S. Joint meeting with the University 
College Chemical Society to be held in the Physics Department, University 
College. 








OFFICIAL ANNOUNCEMENTS 
ENDOWED LECTURES 1952-1953. 


The following Fellows have accepted the invitation of the Council to deliver Endowed 
Lectures as indicated : 


Faraday Lecture. Sir Cyril Hinshelwood. 
Pedler Lecture. Professor R. P. Linstead. 
Tilden Lectures. Dr. D. H. R. Barton and Mr. H. M. Powell. 
Centenary Lecture. Professor A. Tiselius. 


GORDAY-MORGAN MEDAL AND PRIZE. 

This Award, consisting of a Silver Medal and a monetary Prize of 150 guineas, is made 
annually to the chemist of either sex and of British Nationality who, in the judgment of 
the Council of the Chemical Society, has published, during the year in question, the most 
meritorious contribution to experimental chemistry, and who has not, at the date of 
publication, attained the age of thirty-six years. 

Copies of the rules governing the Award may be obtained from the General Secretary. 
Applications or recommendations in respect of the Award for the year 1951 must be 
received not later than December 31st, 1952, and applications for the Award for 1952 are 
due before the end of 1953. 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on March 13th, 1952, at 7.30 p.m. 


The President, Sir Eric R1mpEAL, M.B.E., M.A., D.Sc., F.R.S., was in the Chair. 


MINUTES. 
The minutes of the Scientific Meeting held at Burlington House on February 2lst, 
1952, were read, and were confirmed and signed. 


VACANCIES ON COUNCIL 1952—1953. 
The list of nominations received for vacant places on the Council were read. 


APPOINTMENT OF SCRUTATORS. 

Dr. D. J. Millen and Dr. R. H. Ottewill were appointed Scrutators in connection with 
the Ballot for the election of Vice-Presidents and Elected Ordinary Members of Council, 
Constituency I. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society: P. J. Child, A. G. Brook, C. A. 
Slater, O. P. Arya. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


“Ajmaline. Part I.” By F. A. L. Anet, (Miss) D. Mukherji (Mrs. R. N. Chakravarti), 
Sir Robert Robinson and E. Schlittler. 


“The Chemistry of the Triterpenes. Parts XI and XII. Acidic Isomerisations of 
Pentacyclic Triterpenes.”” By T. R. Ames, G. S. Davy, T. G. Halsall, E. R. H. Jones, and 
G. D. Meakins. 
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MEETINGS OUTSIDE LONDON 
BIRMINGHAM. 


“‘ Chemistry of the Tropolones,” by Professor R. D. Haworth, D.Sc., F.R.S. 


A joint meeting with the University Chemical Society was held in the Chemistry 
Lecture Theatre of the University on January 25th, 1952, with Professor M. Stacey in the 
Chair. 

After a brief and general description of naturally occurring compounds containing the 
tropolone nucleus, a more detailed account of the constitution of purpurogallin as determined 
by degradation and synthesis, and the mechanism of its formation, were discussed. The 
oxidation of purpurogallin to 8-methyltropolone was outlined as a convenient route to 
simple tropolones, and an account of the general properties of this new ring system was 
given, together with a short description of the fine structure and biological activity of the 
compound. 

A discussion followed and a vote of thanks to the Lecturer, proposed by Dr. J. T. 
Edwards, was carried with acclamation. 


LEEDS. 


“New Approaches to the Study of Combustion,’ by Professor R. G. W. Norrish, 
Sc.D., F.R.S. . 


A Joint Meeting with the Leeds University Union Chemical Society was held in the 
Chemistry Lecture Theatre, University of Leeds, on March 4th, 1952, with Professor F. S. 
Dainton in the Chair. 

Gas molecules can be completely dissociated into free radicals by light from a flash 
tube capable of discharging 104 joules in one millisecond. By recording the absorption 
spectrum of the gas mixture at varying very short intervals after the main flash, it 
is possible to measure, for example, the rate of dimerisation of I+, or the rate of 
decomposition of CH,°CO- into CO and CH,*. The presence of Cl in the CO-Cl, reaction 
and of OH: in NO,-H, mixtures has been demonstrated; on the other hand, -CH,° has 
not been detected in the photolysis of keten. ClO» has been discovered in the Cl,O, 
reaction, and its bond energy determined. While HS,* has been demonstrated in the 
photolysis of H,S, HO,° has not yet been recognised in any reaction. Reactions in 
explosive mixtures can be initiated homogeneously, and unstable free radicals detected ; 
thus, acetylene shows absorption bands due to °C,° and to CH’. 

After a discussion, a vote of thanks to the Lecturer, proposed by Mr. A. I. Tiffin, 
President of the student Society, was accorded with acclamation. 


SHEFFIELD. 
“‘ Some Recent Contributions of Organic Chemistry to Medicine,”’ by Dr. James Walker. 


A joint meeting with the University Chemical Society was held in the Chemistry 
Lecture Theatre on February 2lst, 1952, with Professor R. D. Haworth, F.R.S., in the 
Chair. 

Dr. Walker chose as his main theme the effect of certain drugs on the autonomic 
nervous system and on neuromuscular transmission in voluntary muscle, and dealt, in 
particular, with the curare-like activity of some synthetic quaternary ammonium salts. 
On the motion of Dr. A. H. Lamberton, a cordial vote of thanks was given to the Lecturer. 


““ The Molecular-orbital Theory of Organic Chemistry,’’ by Professor M. J. S. Dewar. 


A joint meeting with the University Chemical Society was held in the Chemistry 
Lecture Theatre on March 6th, 1952, with Dr. A. H. Lamberton in the Chair. 

Professor Dewar discussed the possibility of using the molecular-orbital method to 
predict varying degrees of chemical reactivity in aromatic systems, and suggested methods 
of approximation whereby quantitative results might be obtained without laborious and 
intrinsically difficult calculations. On the motion of Mr. M. J. Perry, a cordial vote of 
thanks was given to the Lecturer. 
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Ahmed, Yusef, M.Sc. (Punjab). Pakistani. The Mosque, Woking, Surrey. Research Student at 
King’s College, London. Signed by: D. H. Hey, K. D. Mulley, W. J. Peal. 

*Alexander, James Malcolm, B.Sc. (Lond.), A.R.I.C. British. Albright & Wilson, Ltd., Cardiff Road, 
Barry, Glamorgan. Process Control Chemist. Signed by: J. S. Hughes, S. J. Hart, J. E. Whitney. 

Anderson, William. Danish. University Chemical Laboratory, Pembroke Street, Cambridge. 
Research Student. Signed by: E. Anet, J. Murray, W. H. Stafford. 

Arthur, Henry Richard, M.Sc. (West Australia). British. Chemistry Department, University of 
Hong Kong, Hong Kong. Lecturer in Organic Chemistry. Signed by: J. E. Driver, D. H. Collins, 
W. H. Hui. 

Aspden, James Geoffrey. British. 64, Claremont Avenue, Rose Hill, Marple, Cheshire. Station 
Chemist, Stockport Power Station. Signed by: E. J. Sparks, A. Walton, T. Haworth. 

“Atkinson, John Norman. British. 30, Palmar Crescent, Bexleyheath, Kent. Student. Signed by: 
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*Blakely, Clive Francis. British. Bowerbank, Esher Place, Esher, Surrey. Student at University of 
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Wardell, Edward Villiers Morgan, B.A. (Oxon), B.A. and B.Sc. (Dublin). British. 7, Crescent Avenue, 
Billingham-on-Tees, Co. Durham. Chemist with Imperial Chemical Industries, Ltd., Billingham. 
Signed by: J. H. Hudson, C. W. Humphrey, R. E. Stedman. 

*Webb, Reginald Francis, B.Sc. (Lond.), A.R.C.S. British. 36, Hanbury Road, Tottenham, N.17. 
Student. Signed by: L. M. Jackman, D. W. Turner, L. N. Owen. 

*White, Alan Middleton, B.Sc. (Lond.). British. 96, Ashen Grove, Wimbledon Park, London, S.W.19. 
Research Student. Signed by: F. R. Goss, A. G. Davies, C. L. Arcus. 

*Williams, Vincent Aloysius, B.Sc. (Western Australia). Australian. 8, Howick Street, Victoria Park, 
Western Australia. Research Student. Signed by: D. E. White, G. K. Lewis, J. Miller. 

*Wiseman, Frank Lewis. British. 5, Hollins Street, Buxton, Derbyshire. Laboratory Assistant with 
Imperial Chemical Industries, Ltd. Signed by: L. C. Anderson, K. M. Mitchell, G. E. Yarrow. 

Wolstenholme, Arthur Wilks, B.Sc. (Lond.), A-R.I.C. British. 44, Somerset Road East, Barry, Glam. 
Plant Chemist, with Albright & Wilson, Ltd. Signed by: J. S. Hughes, S. J. Hart, J. E. Whitney. 

Woodward, Peter, B.Sc. and Ph.D. (Bristol). British. The Department of Chemistry, The University, 
Western Bank, Sheffield. Lecturer at University of Sheffield. Signed by: A. S. C. Lawrence, 
R. D. Haworth, A. H. Lamberton. 

Young, Trevor Owen. British. 387, Kings Road, Birmingham 22c. Laboratory Assistant with 
Messrs. Alfred Bird & Sons. Signed by: J. Cooper Duff, E. W. Mills, A. Marks. 

Zahid, Mohammad Saeed, M.Sc. (Punjab). Pakistani. Institute of Chemistry, Punjab University, 
Lahore, W. Pakistan. Senior Lecturer in Inorganic Chemistry. Signed by: M. I. D. Chughtai, 
S. A. Faseeh, S. U. A. Warsi. 


UNDER SPECIAL APPROBATION FOR CANDIDATES RESIDENT ABROAD. 


Bales, Gerald, B.Ph. (Toronto). British. 138, Glenwood Crescent, Toronto, Ontario 13, Canada. 
Chief Chemist with W. K. Buckley Co., Ltd. Signed by: W.D. McFarlane, A. E. Wright. 

Brais, Roger, B.A.Sc. (Montreal), Ph:D. (McGill). Canadian. 1430, St. Denis, Montreal, Canada. 
Professor of Chemical Engineering and Physical Chemistry at University of Montreal. Signed by: 
R. V. V. Nicholls, A. K. Light. ° 

*Craw, Donald Alan, B.Sc. (Tasmania). British. Chemistry Department, University of Tasmania, 
Hobart, Tasmania, Australia. Research Student. Signed by: I. R. C. Bick, J. B. Polya. 

*Edmiston, William Arnold, M.Sc. (New Brunswick). Canadian. 3433, Wellington Street, Verdun, 
Quebec. Organic Research Chemist with Dominion Tar and Chemical Co., Montreal. Signed by: 
H. Bader, S. Bywater. 
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*Ellis, Ian Anderson, B.Sc. (McGill). Canadian. Canadian Industries, Ltd., Nobel, Ontario. Chemist. 
Signed by: S. Bywater, A. K. Light. 

Fairbairn, Norman John, M.Sc. (McGill). Canadian. P.O. Box 112, Macdonald College Post Office, 
Province of Quebec. Research Assistant at McGill University. Signed by: S. Bywater, A. K. 
Light. 

Gelblum, Stanley, B.Sc. (Warsaw). British. 3139, Appleton Avenue, Céte-des-Neiges, Montreal. 
Research Chemist. Signed by: H. Bader, A. K. Light. 

Hartough, Howard Dale, A.B. (Hope College), M.S. (George Washington). American. Hercules 
Experiment Station, Wilmington, Delaware, U.S.A. Research Chemist. Signed by: L. A. 
Subluskey. 

Huston, John Lewis, A.B. (Oberlin College), Ph.D. (California). American. Chemistry Department, 
Oregon State College, Cornwallis, Oregon, U.S.A. Assistant Professor of Chemistry. Signed by: 
F. G. A. Stone. 

Ismail, Abdel Fattah Aly, M.Sc. and Ph.D. (Cairo). Egyptian. Chemistry Department, Faculty of 
Science, Moharrem Bey, Alexandria, Egypt. Assistant Professor of Organic Chemistry at Farouk I 
University. Signed by: Gabra Soliman. 

Johnston, Anthony Maris, B.Sc. (Rand.). South African. 53, Tenth Street, Orange Grove, Johannes- 
burg, S. Africa. Graduate Assistant at the University of The Witwatersrand. Signed by: H. 
Stephen, O. G. Backeberg. 

Leffler, John Edward, B.S. and Ph.D. (Harvard). American. Department of Chemistry, Florida State 
University, Tallahassee, Florida, U.S.A. Assistant Professor. Signed by: V. J. Shiner, P. Smith. 

McColl, John Duncan, B.A. and M.Sc. (Western Ontario). Canadian. Department of Pharmacology, 
University of Toronto, Toronto. Fellow in Pharmacology. Signed by: S. Bywater, A. K. Light 

McGeer, James Peter, M.A. (British Columbia), Ph.D. (Princeton). Canadian. Aluminium Laboratories, 
Ltd., P.O. Box 645, Arvida, Quebec. Physical Chemist. Signed by: E. A. Woods, A. K. Light. 

Miller, Robert E., M.S. and Ph.D. (Fordham). American. Hanes Road, Rural Route 4, Xenia, Ohio, 
U.S.A. Chemist at Monsanto Chemical Co. Signed by: B.S. Wildi. 

Moersch, George William, B.A. (Lawrence College), M.S. and Ph.D. (Pennsylvania State College) 
American. Research Department, Parke, Davis & Co., Detroit 32, Michigan, U.S.A. Research 
Chemist. Signed by: C. L. Stevens. 

Oza, Trambaklal Mohanlal, M.Sc. and Ph.D. (Bombay), A.R.I.C. Indian. Ramkrishna Colony, 
Sarkhej Road, Ahmedabad 7, India. Lecturer at Gujarat College. Signed by: M.S. Shah. 

Patton, Tad LeMarre,’M.S. (Notre Dame), Ph.D. (Texas). American. 117, Lonsdale Avenue, Dayton, 9, 
Ohio, U.S.A. Chemist with Monsanto Chemical Company. Signed by: B.S. Wildi, D. T. Mowry. 

Pioch, Richard Paul, M.S. (Pennsylvania State College). American. Department of Chemistry, 
Pennsylvania State College, State College, Penn., U.S.A. Student. Signed by: M. L. Jackson. 

Pratt, Burt C., Ph.D. (Cornell). American. 206, South Road, Lindamere, Wilmington 3, Delaware, 
U.S.A. Research Chemist. Signed by: R. E. Miegel. 

Puntambekar, Shripati Venkatesh, M.Sc. and Ph.D. (Illinois). Indian. Chemistry of Forest Products 
Branch, Forest Research Institute, Dehra Dun, U.P., India. Senior Research Officer. Signed by: 
Dr. Sadgopal. 

Regan, Thomas Hartin, M.S. (Duquesne). American. 215, Westgate W., Cambridge 39, Mass., U.S.A. 
Student. Signed by: A. Streitwieser. 

Schmidt, Raymond, Ph.D. (Amsterdam). Dutch. 76, Velperweg, Arnhem, Holland. Chief Analyst 
with Algemene Kunstzijde Unie, N.V. Signed by: C. J. Snijders. 

Scroggie, James Gilbert, B.Sc. (Melbourne). Australian. 210, Tooronga Road, Hawthorn, E.3, 
Melbourne, Australia. Student at Melbourne University. Signed by: K. H. Pausacker. 

Smith, Donald Morison, M.Sc. (Minnesota). Canadian. 290, First Avenue, Ottawa, 1, Ontario. 
Research Scientist with Defence Research Board of Canada. Signed by: S. Bywater, A. K. Light. 

*Steele, Lincoln West, B.Sc. (Carleton College). Canadian. 38, Third Avenue, Ottawa, Ontario. 
Student. Signed by: P. M. Laughton. 

Swaminathan, Thinniam Subramania, M:A. (Madras). Indian. Skanda Nivas, Chromepet P.O., 
S. India. Consulting Chemist. Signed by: S. V. Anantakrishnan. 

Tappi, Guido, D.Chem. and D.Pharm. (Turin). Italian. Istituto di Chimica Farmeceutica della 
Universita, Via S. Eufemia 19, Modena, Italy. Professor of Pharmaceutical Chemistry. Signed 
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Bywater, A. K. Light. 
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PAPERS RECEIVED 
List of papers received between February 19th and March 17th, 1952. 


“The action of denaturing agents on deoxyribonucleic acid.’’ By B. E. Conway and 
J. A. V. BUTLER. 

“ The nitration of phenanthridine.”” By A. G. CALDWELL and L. P. WALLS. 

‘“‘ The chemistry of the wood cell wall. Part I. The delignification of beech and spruce 
woods by sodium chlorite in buffered aqueous solution.’’ By (the late) W. G. 
CAMPBELL and I. R. C. McDONALD. 

“‘ The synthesis of thyroxine and related substances. Part X. A synthesis of D-thyroxine.”’ 
By J. ELks and G. J. WALLER. 

‘“‘ The separation of germanium tetrachloride from arsenic trichloride by fractional distill- 
ation.”” By H. J. CLuLEy and R. C. CHIRNSIDE. 

“The action of benzoyl peroxide on polycyclic aromatic hydrocarbons.’’ By IvAN M. 
Rott and WILLIAM A. WATERS. 

“‘ Some unusual reactions of thallium. Part I. The alkoxides and aryloxides of thallium 
as oxidising agents.’’ By L. P. McHaATTON and M. J. SOULAL. 

“‘ Substituted benzidines and related compounds as reagents in analytical chemistry. 
Part X. The titration of small amounts of gallium.’”’ By R. BELCHER, A. J. NUTTEN, 
and W. I. STEPHEN. 

“‘ Reductions with aluminium alkoxides. Part III. The kinetics of the racemization of 
optically active alkoxides by their corresponding ketones.’’ By L. M. JACKMAN and 
A. KILLEN MACBETH. 

“‘ A second form of y-carboxymethylenebutanolide, the enol-lactone of 8-ketoadipic acid.”’ 
By ULL! Eisner, J. A. E_vipGe, and R. P. LinsTEap. 

‘“Griseofulvin. Part I. Introduction.’”’ By JoHN FREDERICK GROVE, J. MACMILLAN, 
T. P. C. MULHOLLAND, and M. A. THOROLD ROGERs. 

“Griseofulvin. Part II. Oxidative degradation.’’ By JoHN FREDERICK GROVE, DOREEN 
IsMAY, J. MACMILLAN, T. P. C. MULHOLLAND, and M. A. THOROLD ROGERs. 

“‘Griseofulvin. Part III. The structure of the oxidation products C,H,O,Cl and 
C,,H,,0,Cl.””. By JoHN FREDERICK GROVE, J. MACMILLAN, T. P. C. MULHOLLAND, 
and Mrs. J. ZEALLEY. 

“ Griseofulvin. Part IV. Structure.’”” By JoHN FREDERICK GROVE, J. MACMILLAN, 
T. P. C. MULHOLLAND, and M. A. THOROLD ROGERS. 

‘“‘Griseofulvin. Part V. Catalytic reduction.’’ By T. P. C. MULHOLLAND. 

“Griseofulvin. Part VI. Chemistry of the reduction products.””’ By T. P. C. 
MULHOLLAND. 

“Induced and other variations in bacterial cultures. Part V. The effect of ultra-violet 
irradiation on Bact. coli with special reference to nutritional mutants.’’ By A. C. R. 
DEAN. 

“Induced and other variations in bacterial cultures. Part VI. A comparison of the 
efficiency of the methods for isolating nutritional mutants.’’ By A. C. R. DEAN. 

“Induced and other variations in bacterial cultures. Part VII. The stability of the 
nutritional requirements of the strains isolated after irradiation of Bact. coli.’’ By 
A. C. R. DEAN and Sir Cyrit HINSHELWOOD. 

“Bond character in certain cobalt complexes. Part I. Exchange reactions.’” By B. 
WEST. 

“Bond character in certain cobalt complexes. Part II. The constitution of cobalt 
complexes with salicylaldehyde anils.’’ By B. WEstT. 

“‘ The ultra-violet absorption spectra of some benzoic acids with electron-repelling substi- 
tuents in alkaline solution.”” By Carl M. Moser. 

‘ The system MnSO,-H,SO,-H,0.”" By Duncan TAYLOR. 

“‘ The preparation and dimerization of methylketen.’’ By A. D. JENKINS. 

“ The effect of water on the decomposition of benzoyl peroxide.’’ By C. F. H. TIPPER. 
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“‘Internuclear cyclisation. Part V. The cyclisation of derivatives of diphenylmethane, 
benzophenone, and N-methyldiphenylamine.’’ By D. H. Hey and R. D. MULLEY. 

“The spectrophotometric determination of the hydroxyl contents of aliphatic and ali- 
cyclic alcohols.’’ By J. P. RILey. 

“* Mesitylurea and mesitylsemicarbazide.’’ By J. PACKER, J. VAUGHAN, and T. W. Watts. 

“* Some observations on conjugation in sulphones.”’ By E. S. WAIGHT. 

** Researches in the menthone series. Part XVIII. Pyrolysis of (—)-menthyl acetate.” 
By NEAL L.McNIVEN and JOHN READ. 

“‘ A new synthesis of «y-diaminobutyric acid.’” By R. O. ATKINSON and F. PopPELSDORF. 

“The polarographic reduction of pyridine, quinoline, and phenazine.’”’ By R. C. KAYE 
and H. I. STONEHILL. 

“‘ The polarographic reduction of some natural and artificial hydrogen-carriers in bacterial 
enzyme systems.’ By R.C. Kaye and H. I. STONEHILL. 

‘‘ Thallium tri-iodide and related compounds.”” By A. G. SHARPE. 

“An alkaloid of Dioscorea hispida, Dennstedt. Part I. The lactone ring.’’ By A. R. 
PINDER. 

“‘ Studies in the sterol group. Part LIV. Concerning the preparation of 7-hydroxy-3- 
keto-A*-steroids.’” By C. W. GREENHALGH, H. B. HENBEsT, and E. R. H. Jonegs. 

‘‘ Studies in the sterol group. Part LV. The preparation of some 7«-methoxy-steroids.”’ 
By C. W. GREENHALGH, H. B. HENBEsT, and E. R. H. JONEs. 

“‘ The cardio-active glycosides of Strophanthus sarmentosus P.DC. ‘ Sarmentoside B’ and 
its relation to an original sarmentobioside.’”’ By R. K. CALLow and D. A. H. TAYLOR. 

“The preparation of zirconium alkoxides.’” By D. C. BRApLEy, F. M. ABD-EL HALIM, 
E. A. SADEK, and W. WARDLAw. 

‘“‘ The molecular equilibria of acetic acid in benzene and aqueous solutions.’’ By MANSEL 
Davies and D. M. L. GRIFFITHs. 

“‘ Thermochemistry of organo-boron compounds. Part I. Esters of boric acid.’’ By T. 
CHARNLEY, H. A. SKINNER, and N. B. SMITH. 

“ Addition reactions of quinones. Part I. The reaction of cysteine and thiourea and its 
derivatives with some quinones.’’ By H. Burton and (Mrs.) S. B. Davip. 

“‘ Reactions of fluorocarbon radicals. Part VI. The hydration of trifluoromethyl- and 
pentafluoroethyl-acetylenes.”” By R. N. HASZELDINE and K. LEEDHAM. 

“Mechanism of substitution at a saturated carbon atom. Part XXXIII. Kinetic 
effect of common-ion and of non-common-ion salts on the aqueous solvolysis of 
diphenylmethyl halides. A demonstration of the unimolecular mechanism of 
solvolysis.””’ By O. T. BENFEy, E. D. HuGues, and C. K. INGOLD. 

“‘ Mechanism of substitution at a saturated carbon atom. Part XXXIV. Kinetic effects 
of hydroxide and alkoxide ions on the rate-controlling and product-forming stages of 
unimolecular solvolysis of tert.-butyl and diphenylmethyl halides.’””’ By O. T. BENFEy, 
E. D. HuGues, and C. K. INGoLp. 

“Mechanism of substitution at a saturated carbon atom. Part XXXV._ Effect of 
temperature on the competition between unimolecular solvolytic and non-solvolytic 
substitutions of di-p-tolylmethyl chloride. Activation in the fast step of unimolecular 
non-solvolytic substitution.”” By AuprREY R. Hawpon, E. D. HuGues, and C. K. 
INGOLD. 

The determination of potassium by precipitation as the 12-phosphomolybdate.” By 
R. BELCHER and J. W. Rosinson. 

“Steroids. Part I. 11-Oxygenated steroids from ergosteryl-p acetate.’” By RICHARD 

BuDZIAREK, G. T. NEWBOLD, ROBERT STEVENSON, and F. S. SPRING. 

“Steroids. Part II. 22: 23-Dibromoergosta-7 : 9(11)-dien-38-yl acetate (ergosteryl-D 
acetate 22 : 23-dibromide).’” By R. C. ANDERSON, ROBERT STEVENSON, and F. S. 
SPRING. 

“The Raney nickel desulphurisation of S-benzyl-N-phthaloyl-t-cysteine.””’ By D. FLEs 
and K. BALENOVIC. 

“Researches on monolayers. Part III. The effect of mono- and di-hydric phenols on 
monolayers of certain aromatic compounds.’ By C. H. Gites and E. L. NEUSTADTER. 
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“‘ A synthesis of dibenzosparteine.’” By G. R. Clemo and BHoLa NATH. 

“‘ Synthetic analgesics and related compounds. Part V. 2-Imino-3 : 3-diphenylpyrrol- 
idines.”” By WALTER WILSON. 

“* Olefin co-ordination compounds. Part II. Compounds with two double bonds attached 
to one platinum atom.”’ By J. CHatr and R. G. WILKINs. 

“ An unambiguous synthesis of codecarboxylase.’’ By J. BADDILEY and A. P. MATHIAs. 

“* Electrokinetic charge and potential by the sedimentation method. Part II. Pyrex 
glass in aqueous potassium chloride solutions.’ By G. A. H. Exton and F. C. 
HIRSCHLER. 

“‘ The constitution of a glucosan from the fungus Polyporus betulinus.’’ By RoBeErt B. 
Durr. 

“The thermal decomposition of tetrafluoroethylene.’”’” By B. ATKINSON and A. B. 
TRENWITH. 

“‘ The triterpenoids of Alstonia verticillosa.’’ By O. C. MUSGRAVE and H. M. WAGNER. 

“ The solubility of uranyl oxalate in nitric acid.’ By C. B. AMpHLETT and (Mrs.) O. T. 
DAVIDGE. 

“‘ Griseofulvin. Part VII. Alcoholysis.’’ By M. A. THOROLD ROGERs. 

“ Properties and reactions of free alkyl radicals in solution. Part III. Some reactions 
with organic halogen compounds.”’ By M. C. Forp and WILLIAM A. WATERS. 

“‘ The separation of quadrivalent and quinquevalent vanadium from phosphoric acid by 
ion-exchange resins; some observations on the reduction of quinquevalent vanadium 
by ion-exchange resins.’’ By J. E. SALMON and H. R. TIETZE. 

““ Some bisquaternary salts.’’ By D. D. Lipman, D. L. Paty, and R. SLACK. 

“ The stability of the complexes of the Group-IIa metal ions.’”” By R. J. P. WILLIAMs. 

“‘High-polymer solutions. Part I. Osmotic-pressure measurements with poly(vinyl 
alcohol) membranes.’’ By H. T. Hookway and R. TOWNSEND. 

“‘ The potentiometric titration of iodic acid with potassium iodide in sulphuric and hydro- 
chloric acid solutions.’”” By H. T. S. Britron, R. E. Cockapay, and J. K. FOREMAN. 

“* An electrometric study of the reaction between (1) bromide and iodine ions in the absence 
and presence of acid, and (2) bromate and bromide ions in acid solution.’”’ By H. T.S. 
BriTToN and R. GREENSLADE BRITTON. 

“‘ A potentiometric study of the reduction of potassium bromate in sulphuric and hydro- 
chloric acid solutions with potassium iodide.” By H. T. S. Britron and H. 
GREENSLADE BRITTON. 

“‘A potentiometric study of the reaction between nitrous acid and hydriodic acid.”’ By 
H. T. S. Britton and H. GREENSLADE BRITTON. 

“‘ The kinetics of the oxidation of methane by nitrous oxide. 
E. J. SMITH. 

“‘ Humulinone is not a ‘ new constituent ’ of hops.’’ By M. VERZELE and F. GOVAERT. 

‘““ The thermodynamics of dissociating solvents.””’ By K. W. Dunn1iNG and W. J. DUNNING. 

“‘ Quantitative estimation of ethyl ether in aqueous solution.’’ By H. J. Nicnor and A. R. 
UBBELOHDE. 

“‘ The hemicelluloses present in Aspen wood (Populus tremuloides). Part I.’’ By J. K.N. 
Jones and Louts E. WIsE. 

“The preparation of y-resorcylic acid (2 : 6-dihydroxybenzoic acid).’’ By N. J. Cart- 
WRIGHT, L. IpRIs JONES, and DIANA MARMION. 

“The Kolbe-Schmitt reaction. Part I. Carboxylation of resorcinol.’’ By AupREY R. 
HAwDOoON and J. IpRIs JONEs. 

“* 9-Ketoferruginol and its identity with sugiol.’”’ By C. W. Branpt and B. R. THomas. 

*‘ Mechanism of aromatic side-chain reactions with special reference to the polar effects 
of substituents. Part XV. Mesomeric effects of elements of the oxygen group.” 
By Joun W. BAKER, G. F. C. BARRETT, and (in part) W. T. TWEED. 

“ The structure of the aminopyridines.’’ By J. D. S. GouLDEN. 

“‘ The molecular rotations of polycyclic compounds, Part I. General principles and the 
correlation of the triterpenoids with the steroids.’’ By W. KLYNE. 


By P. L. Rosinson and 
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“‘ Properties of ion-exchange resins in relation to their structure. 
shrinkage of sulphonated polystyrenes of different cross-linking.”’ 


D. REICHENBERG, and D. K. HALE. 
“‘ Dimethylaminochlorosilanes.”’ 


and W. A. Ross. 


“ Acenaphthene series. Part VII. 


1 : 3: 6-tri-tert.-butylacenaphthene.”’ 


MALKIN. 
“ The optical resolution of trithymotide.”’ 
“‘ Melanin and its precursors. Part V. 
oxyphenylalanines.”’ 


The three isomeric ¢ert.-butylacenaphthenes. 
tion of tert.-butyl groups and disproportionation. 


Part IV. Swelling and 
By K. W. PEPPER, 


By R. Cass and G. E. CoaTEs. 
“‘ A new reaction mechanism for the Marckwald asymmetric synthesis.” 


By J. KENYON 


Migra- 
Preparation and orientation of 


By Eric ILLINGWORTH and ARNOLD T. PETERS. 
“An X-ray and thermal examination of the glycerides. 
hydnocarpic acids and their mono-, di-, and tri-glycerides.”’ 


Part XII. Chaulmoogric and 
By A. Gupta and T. 


By A. C. D. NEwMAN and H. M. Powe Lt. 
Synthesis of 5- and 7-hydroxyindole from dihydr- 
By R. I. T. CROMARTIE and JOHN HARLEY-MASON. 

‘““ Hydrogen peroxide and the transitional elements.”’ 
“‘ Acid—base catalysis in non-aqueous solvents. 


By ABRAHAM GLASNER. 
Part XIII. The depolymerisation of 


paraldehyde in ethereal solutions of proton acids and Lewis acids.’’ By R. P. BELL 


and B. G. SKINNER. 


‘‘ The phosphorescence emission of benzophenone.” 
‘“‘ The configuration of flexible C, hydrocarbons in the vapour phase.”’ 


By J. FErGuson and H. J. TINson. 
By G. A. McD. 


CummInGcs, J. C. McCouBrey, and A. R. UBBELOHDE. 


“‘ A note on the preparation of crystalline nitrides of vanadium and niobium.” 


POLLARD and G. W. A. FowLes. 
“* Steroids and Walden inversion. 
the i-steroid rearrangement.”’ 
“‘ Steroids and Walden inversion. 
stane-2 : 3-dicarboxylic acids.”’ 
“Steroids. Part III. 
SUMMERS. 


Part VII. 
By C. W. SHopPeE and G. H. R. SUMMERs. 
Part VIII. 
By C. W. SHoppPeE and G. H. R. SUMMERS. 
3-Methyl-a-norcholest-3(5)-ene.””. By C. W. SHopPEE and G. H. R. 


By F. H. 
The stereochemistry and the mechanism of 


The epimeric 6-hydroxy-2 : 3-secochole- 


ADDITIONS TO THE LIBRARY 


I. Donations 


ARCHIV DER PHARMAZIE. 
135, Nos. 2 and 3; 
Nos. 1 and 2. 
ence.) 


Vols. 127; 
157, Nos. 2 and 3; 158, 
Hannover 1854—61. (Refer- 


Vols. 222—247. Berlin 1884—1909. 


(Wanting Vol. 246.) (For circulation.) 
From Messrs. Howards & Sons, Ltd. 
BASSETT, LEwis G., HARLEY, JOHN H., 
and WIBERLEY, STEPHEN E. A course in 
instrumental analysis. Troy, New York 1951. 
pp. 13. ill. (Rensselaer Poly. Inst. Bull., Eng. 
Sci. Ser., No. 66.) (From J. Chem. Educa- 

tion, 1951, 28.) [Two copies.] 

From the Institute. 
CANADA, DOMINION OF. Department of 
Mines and Technical Surveys. Mines Branch. 
Analyses of Canadian crude oils. By H. McD. 
CHANTLER, P. B. SEELy, and F. E. Goop- 
SPEED. Ottawa 1951. pp. iii + 90. (Refer- 
ence.) From the Department. 


CHILEAN IODINE EDUCATIONAL BUREAU, 
Inc. Iodine, its properties and technical 
applications. New York 1951. pp. v + 74. 
(Recd. 10/3/52.) From the Bureau. 

C1BA FOUNDATION. Conference on iso- 
topes in biochemistry. Edited by J. N: 
Davipson [and others}. London 1951. pp. 
xv + 288. ill. Churchill. 27s. 6d. (Recd. 
15/3/52.) From the Foundation. 

[DENMARK]. Statens Vitamin-Laborator- 
ium. Meddelelser. Vol. 1, 1942; edited by 
L. S. Fripericia, Vol. 2, 1951; edited by 
Erik Uni. Kjobenhavn 1942-51. Various 
pp. (Reference.) From Mr. A. L. Bacharach. 

GoopDING, F. J., and MEIGH, EDWARD. 
Glass and W. E. S. Turner, 1915—51. Sheffield 
1951. pp. 144. ill. Society of Glass Tech- 
nology. (Recd. 11/3/52.) From the Society. 

IMPERIAL CHEMICAL INDUSTRIES, LTD. 
Dissolving caustic soda and handling its solu- 
tions. [London 1952.} pp. 16. ill. (Refer- 
ence.) From the Director. 





PHARMACEUTISCHES CENTRALBLATT. 
Vols. 19—20. Leipzig 1848—49. Continued 
as CHEMISCH-PHARMACEUTISCHES CENTRAL- 
BLATT. Vols. 21—25. Leipzig 1850—54. 
(For circulation.) 

: From Messrs. Howards & Sons, Ltd. 

RAE, JOHN. Ethylene and propylene 
glycols. London 1951. pp. 30. Pharma- 
ceutical Pr. (Recd. 6/3/52.) 

From the Author. 

ROYAL INSTITUTE OF CHEMISTRY. Lec- 
tures, Monographs, and Reports, 1952, No. 1. 
Biological aspects of proteins in the light of 
recent chemical studies. By R. L. M. SYNGE. 
London [1952]. pp. 15. ill. (2nd P. F. 
Frankland Memorial Lecture.) [Two copies.] 


From the Institute. 

WEYL, WOLDEMAR A. Coloured glasses. 
Society 
(Recd. 11/3/52.) 
From the Society. 


Sheffield 1951. pp. xvi + 541. ill. 
of Glass Technology. 365s. 


Il. By Purchase 


ADVANCES IN Puysics. A quarterly sup- 
plement of the Philosophical Magazine. Vol. 
1, etc. London 1952+. (Reference.) Taylor 
& Francis. 55s. per annum. 

ALFREY, TURNER, BOHRER, JOHN J., and 
MARK, HERMAN. Copolymerization. New 
York 1952. pp. x + 269. ill. (High Poly- 
mers, Vol. 8.) Interscience. $6.80. (Recd. 
13/3/52.) 

AMERICAN CHEMICAL SOCIETY. 
ing the chemical literature. 
1951. pp. vi+ 184. ill. 
Chemistry Series, No. 4.) 
(Recd. 21/2/52.) 


Search- 
Washington, D.C. 

(Advances in 
The Society. $2. 
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AMERICAN IRON AND STEEL INSTITUTE, 
and AMERICAN CERAMIC Society, INc. 
Refractories bibliography, 1928—1947, in- 
clusive. Columbus, Ohio 1950. pp. iv + 
[1077]. (2044 columns + 55 pp. subject 
index.) (Reference.) $15. 

ASLIB. Guides to sources of information 
in Great Britain. No.1. The paper industry. 
London 1948. pp. [ii] + 10. (Reference.) 
Aslib. 2s. 6d. 

BRAUNS, FRIEDRICH EMIL. The chemis- 
try of lignin. New York 1952. pp. xv + 808. 
ill. Academic Pr. $14.50. (Recd. 28/2/52.) 

CHEMICAL ENGINEERING SCIENCE. Vol. 
1, etc. London 1951+. (Reference.) Per- 
gamon Pr. 90s. per annum. 

FONROBERT, EWALD. Das Holzdél; 
Herkunft, Gewinnung, Handel, Eigenschaften, 
Chemie, Priifung und Verwendung. Stuttgart 
1951. pp. 552. ill. Berliner Union. DM 86. 
(Recd. 10/3/52.) 

HArRTOUGH, HowarD D. Thiophene and 
its derivatives; with special chapters by 
F. P. HocuGEesane and F. F. Biicke. New 
York 1952. pp. xvii + 533. ill. (Chemistry 
of Heterocyclic Compounds Series.) Inter- 
science. $16.50. (Recd. 4/3/52.) 

MapDAN, A. K. The economic prospects 
of chemical industries in India. Bombay 
1949. pp. [ix] +402. Thacker. Rs 20. 
(Recd. 17/3/52.) 

Trinks, W. 4th 
pp. xi + 
(Recd. 7/3/52.) 

The chemistry of 

New York 1952. 
(Organic and Biological 
Academic Pr. $14.50. 


Industrial furnaces. 
edition. Vol. 1. New York 1951. 
526. ill. Wiley. $10. 
VENKATARAMAN, K. 
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pp. xvi + 704. ill. 
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SCIENTIFIC MEETINGS DURING JUNE, 1952 


LONDON. 
Thursday, June 5th, 1952, at 7.30°p.m. 


The following papers will be read and discussed : 


“‘ Protochemical Reactions. The Behaviour of Membranes as Protodes and a 
Theory of the Glass Electrode.’’ By W. F. K. Wynne-Jones. 

‘“‘ Glow-discharge Electrolysis. Part I. The Anodic Formation of Hydrogen 
Peroxide in Inert Electrolytes.’’ By R. A. Davies and A. Hickling. 

“‘The Anodic Polarization of Mercury in Acid Solutions.’’ By R. H. Cousens, 
D. J. G. Ives, and R. W. Pittman. 











OFFICIAL ANNOUNCEMENTS 
HIS LATE MAJESTY KING GEORGE THE SIXTH. 


The following replies have been received to loyal addresses sent on February 21st to Her 
Majesty The Queen and to Her Majesty Queen Elizabeth, The Queen Mother : 


HoME OFFICE, 
WHITEHALL. 
7th April, 1952. 
Sir, 
I have had the honour to lay before The Queen the Loyal and Dutiful Address of 
The President, Council and Fellows of the Chemical Society on the occasion of the lamented 
death of His late Majesty King George the Sixth and have received The Queen’s Commands 
to convey to you Her Majesty’s grateful Thanks for the assurances of sympathy and devo- 
tion to which it gives expression. 
I am, 
Sir, 
Your obedient Servant, 
(Signed) DAVID MAXWELL FYFE. 
The President, 
The Chemical Society. 


BUCKINGHAM PALACE. 
22nd February, 1952. 
Dear Sir, 
I am commanded by Queen Elizabeth, The Queen Mother, to thank you and all 
those for whom you speak for your most kind message. 
The thoughts and sympathy which surround her have greatly strengthened Her 
Majesty. 
Yours faithfully, 
(Signed) O. P. DAWNAY. 
Private Secretary. 
The President, 
The Chemical Society. 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 

Douglas John Branscombe (Sutton) April 15th, 1943. Jan. 27th, 1951. 
James Bruce (Edinburgh) Dec. 6th, 1894. Jan. 5th, 1952. 
William Stansfield Calcott (New Jersey) April 16th, 1942. Feb. 15th, 1952. 
John Edward Christopher (Southport) Sept. 15th, 1943. Oct. llth, 1951. 
Leonard Dobbin (Blackshiels) Mar, 3rd, 1887. Mar. 3rd, 1952. 
Leonard Gowen Gabriel (Richmond) June 19th, 1941 Feb. 28th, 1952. 
David Smiles Jerdan (Melrose) Mar, 4th, 1897 Dec. 15th, 1951 
Francis Maxwell (London, S.W.1) Dec. 5th, 1912. June Ist, 1951. 
Thomas Marginson Nightingale (Bolton) Dec. 6th, 1900. Mar, 14th, 1952. 
Nevil Vincent Sidgwick (Oxford) (C. 1921—24, 

1928—31 ; V.P. 1925—28, 1934—35, 

1937—52; P. 1935—37) Feb. 19th, 1902. Mar, 15th, 1952. 


CONGRATULATIONS. 
(a) 60 Years of Fellowship. 


The President has conveyed the congratulations of the Society to Mr. Harold Fletcher 
Hills (South Croydon) who completed 60 years of Fellowship on the 5th March, 1952. 





(b) Fellowship of the Royal Society. 


Congratulations have also been conveyed to the following Fellows who were elected 
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Fellows of the Royal Society on the 20th March, 1952. 


Sir Wallace Akers (London). 
Cecil Edwin Henry Bawn lawhe ar 
Dalziel Llewellyn Hammick (Oxford). 


Frank Stuart 


ACKNOWLEDGMENTS. 


Acknowledgment is made of a gift of the Society’s publications from the Royal Society 


of Arts. 


ELECTION OF NEW FELLOWS. 


The following 139 Candidates were elected Fellows of the Society on March 27th, 1952 : 


Kamaluddin Ahmad. 
Rosemary Eugenie Alexander. 
Floyd Edmond Anderson. 
Frank Stanley Ansell. 

Joan Banus. 

Ronald Sidney Barnes. 

Fred Basolo. 

Michael Bassey. 

Imanuel Bergman. 

Alistair Howard Berrie. 
John Lonsdale Beton. 
Roger Frederick Challis Brown. 
Merlin Martin Brubaker, 
Donald Buckley. 

Frederick Norman Bullock. 
Joseph Stuart Burgess. 
Hector Stanley Campbell. 
Troy Lee Cantrell. 

David Roger Clegg. 

John Philip Conbere. 

Martin Alan Cookson. 
Alfred John Coulthard. 
William Stanley Crisp. 

John Roderick Cross. 

John Cooper Crowther. 
James Andrew Walter Dalziel. 
Ralph Daniels. 

Jack Thomas Denison. 
Michael Arthur Denney. 
Justo Dominguez. 

Jorge Alejandro Dominguez. 
Hugh Latimer Dryden. 


Jorge Ricardo Fuentes Duchemin. 


Robert Alexander Edington. 


Abd Al-Meguid Marzouk El-Aggan. 


Eric Ellenbogen. 

William Kenneth Ellison. 
Hassan Khaled El-Shamy. 
Colin Stanley Ennis. 
Eustace Anthony Evans. 
Thomas William Farrer. 
Frederick Arthur Filby. 
Norman Gail Fisher. 
Louis Fletcher. 

Francis David Fowler. 
Henry Z. Friedlander. 
James Harris Gilks. 
David Henry Godson. 
John Henry Golden. 
Robert Rothes Goodall. 


pring (Glasgow). 


Joyce Mary Guider. 

William Zev Hassid. 
Edmund Hayes. 

John Kenneth Heyes. 
Arthur Hodkin. 

Horace Hoyle. 

William Ernest Huddart. 
Ivor Wallace Hughes. 
Martin Idelson. 

George Rumbold Jamieson. 
Donald Frank Johnson. 
Homer Richard Jolley. 
Ernest David Jones. 

Abdul Karim. 

Dov Katz. 

Harry Kroll. 

Thom Ian Kyle. 

David Michael Langbridge. 
Graham Rossiter Langworthy. 
Norman Anthony Lund. 
Greville Machell. 

Ernest Bryson McCall. 

John Clarke McCoubrey. 

Ian Robert Clark McDonald. 
Gordon Victor McHattie. 
Graeme Stuart McNaughton, 
Juan Llado Martorell. 

John Fairfax Moresby. 

John William Woodhouse Morgan. 
Haydn Alonza Morris. 
Reginald Roy Muir. 

Bryan Arthur Mulley. 
Robert Warren Newburgh. 
Carl Robert Noller. 

Lloyd William Olive. 
Norman Henry Pearce. 

Max Peisach. 

Bruce Russell Penfold. 
Raymond Pepinsky. 

Ethel Elizabeth Percival. 
Michael Willcox Perrin. 
Joao Consani Perrone. 
Lorna Alice Pickstock. 
Gordon Arthur Cracherode Pitt. 
Arthur Poole. 

Gwilyn Chard Price. 

Muriel Constance Pyle. 
Philip Alexander Raine. 
Edward Horsley Reid. 
George Albert Richardson. 








Cecil Howard Robinson. George Tolley. 

William E. Rosen. Maurice Trotter. 

Glen Allan Russell. Richard Baldwin Turner. 
Edward Robert Sayer. Norman Herbert Vitoria. 
John Malcolm Schofield. Emanuel Vogel. 

Gerald Scott. Alfred Alan Wagland. 
Dennis Richard Sheard. Ferris William Wainewright. 
Robin Simpson. Edward Walker. 

Thomas Hardy Simpson. Geoffrey Edmund Waller. 
George Reginald Smith. Edgar William Warnhoff. 
Laurence Graham Smith. Raymond Weddle. 

John Stanley Steggles. Friedrick Weygand. 

Martin J. Steindler. Brian Ronald David Whitear. 
Donald McNeill Stevenson. Horace Osborne Williams. 
Harry Hall Sumner. Brian Wilson. 

Francis Edward Gervase Markham Tate. Leonard George Wise. 
David Taub. Peter Frank Wolstenholme. 
Alan Taylor. Gilbert Frederick Woods. 
Viktor Thaller. Ronald Stanley Wright. 
Kenneth William Tichell. 


COMMITTEES 1952—1953. 


The thanks of the Council have been conveyed to the retiring Members of Committees for 
the services they have rendered to the Society. The following have been appointed for 
1952—1953 : 


Finance and General Purposes Committee. 


Sir Ian Heilbron, Sir Harry Jephcott, Dr. J. Kenyon, Professor T. S. Moore, Sir Eric 
Rideal, Mr. F. A. Robinson, Mr. Stanley Robson, Mr. J. D. Rose, together with the Officers, 
the Chairman of the Publication Committee, and the Representative of the Joint Library 


Committee on the Council of the Chemical Society, with the President as Chairman, 
Treasurer as Vice-Chairman, and the General Secretary as Secretary. 


Research Fund Committee. 


Professor W. Baker, Professor C. E. H. Bawn, Professor J. W. Cook, Professor F. S. 
Dainton, Professor H. J. Emeléus, Professor E. R. H. Jones, Professor R. P. Linstead, 
Professor H. W. Melville, Sir Eric Rideal, together with the Officers, with the President as 
Chairman, and the General Secretary as Secretary. 


Publication Committee. 


Sir Cyril Hinshelwood (Chairman), Professor W. Wardlaw (Deputy Chairman), Dr. J. S. 
Anderson, Dr. D. H. R. Barton, Professor C. E. H. Bawn, Dr. D. J. Bell, Mr. R. P. Bell, 
Dr. F. Bergel, Dr. E. J. Bowen, Dr. A. H. Cook, Professor C. A. Coulson, Professor F. S. 
Dainton, Professor C. W. Davies, Dr. F. Fairbrother, Professor R. D. Haworth, Dr. 
H. M. N. H. Irving, Dr. F. G. Mann, Dr. L. N. Owen, Professor S. Peat, Professor J. M. 
Robertson, Dr. H. N. Rydon, Dr. N. Sheppard, Professor C. W. Shoppee, Dr. W. F. Short, 
Dr. R. Spence, Professor M. Stacey, Dr. J. Walker, Dr. W. A. Waters, Professor T. S. 
Wheeler, and the Officers, with the Editor as Secretary. 


Corday—Morgan Medal and Prize Selection Committee. 


The President (Chairman), the immediate Past-President (Sir Eric Rideal), and the six 
Vice-Presidents, who have not filled the Office of President, with the General Secretary as 
Secretary. 
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MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on March 27th, 1952, at 7.30 p.m. 
PROFESSOR W. WARDLAW, C.B.E., D.Sc., F.R.1.C., Vice-President, was in the Chair. 


MINUTES. 


The minutes of the Scientific Meeting held at Burlington House on March 13th were read, 
and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : G. E. Howard, M. A. Short, D. C. 
Abbott, W. Burns Brown, P. G. Saunders, R. W. Shan-Saabor, J. Czarnikau, D. M. Sander- 
son, R. F. Evans, B. Wood, J. M. Fletcher. 


HUGO MULLER LECTURE. 


After a brief introduction, the Chairman called upon Professor F. A. Paneth to deliver the 
Hugo Miiller Lecture entitled ‘‘ The Chemical Exploration of the Stratosphere.’’ At the 
conclusion of the lecture, a vote of thanks to Professor Paneth, proposed by Dr. L. E. 
Sutton, was carried with acclamation. 





MEETINGS OUTSIDE LONDON 


SOUTHAMPTON. 
‘“‘ The Biochemistry of Fluoroacetate Poisoning,’’ by Sir Rudolph Peters, F.R.S. 


A joint meeting with the Chemical Society of University College was held in the Physics 
Department, University College, Southampton, on March 14th, 1952, with Mr. E. A. S. 
Cavell in the Chair. 

Professor Peters gave a detailed account of the poisonous action of fluoroacetic acid and 
discussed the manner in which the poison appears to dislocate the tricarboxylic acid cycle 
in animal metabolism, resulting in an abnormal accumulation of citric acid in the tissue 
system. 

After a vigorous discussion, a vote of thanks to Sir Rudolph Peters, proposed by Pro- 
fessor N. K. Adam, was carried with acclamation. 


‘“The Mechanism of the Breakdown of Macromolecules,’”’ by Professor H. W. Melville, 
F.R.S. 


A joint meeting with the Mid-Southern Counties Section of the Royal Institute of 
Chemistry and the Chemical Society of University College was held in the Physics Depart- 
ment, University College, Southampton, on March 7th, 1952, with Mr. E. A. S. Cavell in 
the Chair. 

Professor Melville gave an interesting account of the apparatus used in the quantitative 
study of depolymerisation reactions. He then considered the characteristics of the various 
mechanisms by which depolymerisation can occur, and illustrated these by slides showing 
typical experimental data. 

After the discussion a vote of thanks to Professor Melville, proposed by Dr. A. C. Riddi- 
ford, was enthusiastically accorded. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for May, 1952. Such objections will be 
breated as confidential. The forms of application are available in the Library.) 


Bar-Gadda, Israel, M.Sc. (Hebrew University, Jerusalem). Israeli. 10/100 German Colony, Jerusalem, 
Israel. Teaching Fellow at the Hebrew University. Signed by: A. Glasner, G. Stein, S. Israelash- 
wili. 

*Bevan, Morfydd Ann, B.Sc. (Lond.). British, Elm Lodge, Egham Hill, Englefield Green, Surrey. 
Research Chemist. Signed by: G. Williams, A. Graham Foster, T. G. Bonner. 

*Bew, Derek George, B.Sc. (Dunelm). British. 19, Glentower Grove, Seaton Carew, West Hartlepool, 
Co. Durham. Research Student at King’s College, Newcastle. Signed by: F. K. Duxbury, G. R. 
Clemo, G. A. Bevan. 

Brookes, Lionel Hepworth, M.Sc. and Ph.D. (Manchester). British. 27, Wood Road, Brooklands, Sale, 
Manchester. Chemist. Signed by: A. F. H. Ward, O. R. Howell, G. Beddeley. 

*Brown, John Johnston, B.Sc. (Glasgow). British. 64, Allan Street, Old Monkland, Coatbridge, 
Lanarkshire. Research Student at Royal Technical College, Glasgow. Signed by: G. T. Newbold, 
L. C. McKean, J. A. McEwan. 

*Cameron, Mary Davidson, B.Sc. (Glasgow), A.R.I.C. British. 37, Cartsbridge Road, Clarkston, 
Glasgow. Assistant Lecturer at Royal Technical College, Glasgow. Signed by J. Muil Leitch, 
J. N. Hawthorn, F. Rumford. 

*Clarke, Frank Henderson, jun., M.Sc. (New Brunswick). Canadian. 67, Hammond Street, Cambridge 
38, Mass., U.S.A. Student at Harvard University. Signed by: V.M. Clark, F. D. Greene, J. H. 
Ridd. 

*Collins, John Francis, British. 72, Goddington Lane, Orpington, Kent. Student at Brasenose College, 
Oxford. Signed by: H. Irving, C. Phillips, J. A. Barltrop. 

Collins, Raymond Frederick, B.Sc. (Lond.), A.R.I.C. British. 22, Cranbrook Drive, Gidea Park, 
Romford, Essex. Research Chemist with Messrs. May & Baker, Ltd., Dagenham. Signed by: 
J. N. Ashley, M. Davis, S. S. Berg. 

Duffin, George Frank, B.Sc. (Lond.), A.R.I.C. British. 29, Hazeldene Road, Goodmayes, Ilford, Essex. 
Research Chemist with Ilford, Ltd. Signed by: J. D. Kendall, R. B. Collins, A. J. Lambie. 

*Edwards, Vaughan, B.Sc. (Lond.), A.R.I.C. British. 35, Hillfoot Avenue, Hunts Cross, Liverpool 19. 
Research Chemist with Messrs. Beck, Koller & Co. Ltd. Signed by: G. Swann, H. W. 
Keenan, H. R. Touchin. 

*Fluck, Alan Anthony John. British. 57, Wharncliffe Gardens, London, S.E.25. Student. Signed 
by: S. H. Harper, D. H. Hey, E. K. Rideal. 

Forbes, William Frederick, B.Sc. (Lond.) A.R.C.S. British. 59, Basildene Road, Hounslow West, 
Middlesex. Research Student at Imperial College. Signed by: O. H. Wheeler, B. R. Shepherd, 
R. Kierstead. 

*Foster, Roy Vivian, B.Sc. (Lond.). British. Thorbourn, Grove Road, Tring, Herts. Research Student 
at Battersea Polytechnic. Signed by: F. R. Goss, L. Friedler, A. G. Davies. 

*Gell, Richard John, B.Sc. (Sydney). Australian. 8, York Street, Gosford, N.S.W. Australia. Student 
at University of Sydney. Signed by: R. J. W. Le Févre, T. Iredale, J. W. Loder. 

*Gundry, Philip Musgrave, B.Sc. (Lond.) A.R.I.C. British. c/o Standard Bank of South Africa, Ltd., 
9, Northumberland Avenue, London, W.C.2. Student at Royal College of Science. Signed by: 
F. C. Tompkins, H. V. A. Briscoe, A. A. Eldridge. 

Hall, Philip Sydney. British. 11, Edwards Road, Chislehurst, Kent. Analytical Chemist at 
Messrs. Hehner & Cox, London, E.C.3. Signed by: J. Grant, J. H. Hamence, W. H. Simmons. 
*Harding, John Stuart, B.Sc. (Lond.). British. 86, Canterbury Avenue, Ilford, Essex. Research 

Student at Imperial College. Signed by: A. G. Brooks, L. M. Jackman, L. N. Owen. 

*Harrison, Donald Leslie. British. 8 Greenbank, Ulverston, Lancs. Junior Scientific Officer. 
Signed by: C. Jackson, H. W. Gurney, G. E. Durome. 

*Ginger, George Noel. British. Newbury, Warrendene Road, Hughenden, High Wycombe, Bucks. 
Assistant to Research Director. Signed by: E. F. MacTaggart, J. Hudson, H. H. Chambers. 

Janus, John William, B.Sc. (Lond.). British. 30 Carteret House, Westway, W.12. Research Chemist 
with Kodak Ltd., Wealdstone. Signed by: E. Knott, R. A. Jeffreys, B. S. Gorringe. 

*Kemp, Ian Arkle, B.Sc. (Dunelm). British. 7, Mansfeldt Road, Newbold, Chesterfield. Student at 
University of Durham. Signed by: F. A. Paneth, W. K. R. Musgrave, G. H. Christie. 

*Lumb, Peter Brian, B.A. (Oxon.). British. 15. Ridgemount Road, Riddlesden, Keighley, Yorks. 
Research Student at Dyson Perrins Laboratory, Oxford. Signed by: J.C. Smith, M. L. Tomlinson, 
S. G. P. Plant. 

*Martin, Alison Binnie, B.Sc. (Glasgow). British. 23, Tennyson Road, Cheltenham, Glos. Research 
Chemist. Signed by: A. Fowler-Williams, P. F. M. Paul, G. H. Jones. 

Molinario, Lelio, Dr. Chem. (Turin). Italian. 49, Halfedge Lane, Eccles, Manchester. Research 
Chemist with Lankro Chemicals Ltd., Manchester. Signed by: A. G. Williamson, A. Koebner, 
K. Tomlinson. 

*Moore, Alfred Henry. British. 2, Prideaux House, Prideaux Place, W.C.1. Chemist with Pepsi Cola 
Ltd., London, N.W.10. Signed by: A. H. Bennett, R. Kressman, E. I. Akeroyd. 
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*Myers, Fay Lilian. British. 29, Gledhaw Park Drive, Leeds 7. Student. Signed by: Brynmor 
Jones, G. W. Gray, J. Shorter. 

*Pier, Stanley Morton, M.S. and Ph.D. (Purdue). American. The Texas Company, Beacon, New York, 
U.S.A. Research Chemist. Signed by: N. Kornblum, J. H. Brewster, H. Feuer. 

Raasch, Maynard Stanley, M.S. and Ph.D. (Ohio). American. 2515 West 18th Street, Wilmington, 
Delaware, U.S.A. Research Chemist with Messrs. E. I. du Pont de Nemours & Co. Signed by: 
H. L. Jackson, M. J. Hogsed, R. E. Miegel. 

Rayner, James Hornby, B.A. (Oxon). British. 17, Hornby Road, Stretford, Manchester. Chemist 
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“‘ The action of formaldehyde on proteins. Part II. Some reactions of N-hydroxymethyl- 
amides.”” By R. D. Hawortu, D. H. Peacock, W. R. Situ, and (in part) R. 
MACGILLIVRAY. 

“The action of formaldehyde on proteins. Part III. The hydrolysis of formaldehyde- 
hardened proteins by enzymes.”’ By R. D. HAwortH, R. MACGILLIvRAY, and D. H. 
PEACOCK. 

“‘ Anthelmintics : kousso. Part II. The structures of protokosin, «-kosin, and $-kosin.”’ 
By A. J. Brrcu and A. R. Topp. 

“‘ The mixed condensation of ketones in the presence of methylanilinomagnesium bromide.”’ 
By W. D. GARDEN and F. D. GUNSTONE. 

“‘The decomposition of arylthiolsulphonic acids. Identification of thiosulphonic and sul- 
phinic acids as benzylthiuronium derivatives.’’ By FREDERICK KURZER and J. Roy 
POWELL. 

“* Addition reactions of quinones. Part II. The so-called uncatalysed addition of acetyl 
chloride to benzoquinone and tolu-2: 5-quinone.”” By H. Burton and P. F. G. 
PRAILL. 

“‘The chemistry of extractives from hardwoods. Part VIII. The isolation of 5: 4’- 
dihydroxy-7-methoxyisoflavone (prunetin) from the heartwood of Pterocarpus angolen- 
sis, and a synthesis of 7 : 4’-dihydroxy-5-methoxyisoflavone, hitherto known as 
prunusetin.’’ By F. E. Kinc and L. Jurp. 

‘“‘ The chemistry of bivalent germanium compounds. Part III. Germanous phosphite.” 
By D. A. EVEREST. 

“‘ The mercury photo-sensitized oxidation of ethane and methane.”’ By J. A. GRAY. 
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“The attempted preparation of 2 : 4-dinitrobenzenesulphinic acid.’’ By HELENA BRAD- 
BURY and F. J. SMITH. 

“‘ The kinetics and mechanism of nucleophilic displacements in allylic systems. Part I. 
Reaction of 3: 3-dichloroprop-l-ene with ethoxide ion.’’ By P. B. D. DE LA MARE 
and C. A. VERNON. 

‘“‘ The kinetics and mechanisms of nucleophilic substitution in allylic systems. Part II. 
The reactions between 3: 3-dichloroprop-l-ene and the thiophenoxide ion.’’ By 
P. B. D. DE LA Mare and C, A. VERNON. 

““2:4-3:5-Diethylidene aldehydo-L-xylose and its derivatives.’’ By E. J. Bourne, 
W. M. CorBeEtTT, and M. STACEY. 

“‘The possible occurrence of geometrical isomerism among the diazosulphones.’’ By 
H. C. FREEMAN, R. J. W. LE FEvRE, (Miss) J. NortHcortrt, and (Miss) I. Younotsky. 

“The polarities and ultra-violet spectra of phenyl #-tolyl azoxysulphone and its dialkyl- 
amino-derivatives.”” By H.C. FREEMAN, R. J. W. LE FEvrRE, (Miss) J. NoRTHCOTT, 
and C. V. WorTH. 

“‘ Carbohydrate derivatives of alkyl dithiocarbazinates.’’ By R. HULL. 

‘ The isomerisation of sulphilimines. Part II.’’ By Antuony S. F. Aso and FREDERICK 
CHALLENGER, with an Addendum by Tuomas S. STEVENS and JOHN L. Dunn. 

“‘The hydrolysis of amides of dibasic acids. Part I. The acid hydrolysis of 
malonamide and malonamic acid.’’ By H. G. Ivory, W. D. McKENziE, J. PACKER, and 
J. VAUGHAN. 

“* N-Carboxy-anhydrides of O-acetylserine and O-carbobenzyloxyserine.”” By Max 
FRANKEL and M. HALMANN. 

“ Triterpenes from Psidium guaijava, L.’’ By H. R. ARTHUR and W. H. Hut. 

“* Mannose-containing polysaccharides. Part II. The galactomannan of fenugreek seed 
(Trigonella fenum-grecum).’’ By P. ANDREws, L. HouGu, and J. K. N. JONEs. 
“The preparation of some unsaturated aliphatic derivatives of mercury and boron.”” By 

EUGENE ROTHSTEIN and ROWLAND W. SAVILLE. 

“ Properties and reactions of free alkyl radicals in solution. Part IV. The direct reaction 
between alkyl radicals and aliphatic aldehydes.”’ By E. F. P. HARRIs and WILLIAM 
A. WATERS. 

“‘ The formation of triarylmethylphosphonic acids from triarylmethylphosphony] dichlor- 
ides.’”’ By D. V. N. Harpy and H. H. Hatt. 

“‘ Reactions of free radicals. The significance of free valence and other theoretical quanti- 
ties.’” By R. D. Brown. 

“‘ Organosilicon compounds. Part IV. The preparation of organic fluorosilanes.’’ By 
C, EABORN. 

“‘Lanosterol. Part XIV. Further experiments on the reduction of ketones of the lano- 
sterol series.’’ By J. F. McGuie, M. K. PRADHAN, and (in part) J. F. CAVALLA. 

“‘ The nature of benzyl sulphide dibromo- and dichloro-golds.’’ By F. H. BRatn, (the late) 
C. S. Grsson, J. A. J. JARvis, R. F. Puitirps, H. M. Powe t, and A. TyAsjl. 

“‘ Separation of the lanthanons by ion exchange. A comparison of eluants.’’ By R. C. 
VICKERY. 

“The passivity of metals. Part XI. The anodic behaviour of iron oxide films.’’ By 
U. R. Evans, and I. D. G. BERwIcK. 

“‘ The stability of metal complexes. Part I. Introduction. Metals of the first transition 
series.’’ By H. IRvinG and R. J. P. WILtiaMs. 

“‘ Formation of flavanthrones from derivatives of 2-aminoanthraquinone,’’ By WILLIAM 
BRADLEY and Harry E. NuRSTEN. 

“Chemistry of indanthrone. Part VII. The action of piperidine on 3: 3’- 
dihalogenoindanthrones and the N-methyl derivatives of 3 : 3’-dibromoindanthrone.” 
By WILLIAM BRADLEY and Harry E. NuRSTEN. 

“Surface homolysis. Part I. The surface-catalysed racemisation of 2-phenylbutane.”’ 
By A. G. Davies, and G. A. H. Etton. 

“‘ Reactions of af-unsaturated cyclic aldehydes and ketones. Part IX. (—)-cis- and 
(+-)-trans-piperitol from (—)-piperitone.”’ By A. KILLEN MACBETH and J.S. SHANNON. 





and A. SIMONs. 
“‘ The chemistry of the wood cell wall. 
soluble and modified lignins.”’ 
“‘ The chemistry of the wood cell wall. 
By I. R. C. McDONALD. 


“Studies on bond type in certain cobalt complexes. 
reduction of some cobalt inner-complex compounds.” 


Part II. 
By (the late) W. G. CAMPBELL and I. R. C. MCDONALD. 
Part III. 


74 


“* The conversion of arylacetic acids into ketones.”’ 
“‘ The Schmidt reaction with unsymmetrical ketones.”’ 


By G. L. BUCHANAN and J. MCARDLE. 
By G. M. BADGER, R. T. Howarp, 


The isolation of beech and spruce acid- 


The isolation of beech hemicellulose A.’ 


Part III. The polarographic 
By J. R. Unwin and B. WEsT. 


“Some experiments on the nitrofluorenones and related nitrophenanthridones, and ob- 


servations on the Ullmann fluorenone synthesis.”’ 


R. S. THEOBALD. 


‘The conversion of silver (+-)-2-ethylhexanoate into (+)-3-bromoheptane.”’ 


ABBOTT and C. L. ARcus. 
““Some trinuclear cyanine dyes. 

those of the meocyanine type.” 
“‘ Inorganic chromatography on cellulose. 


Part V. 


By A. J. Nunn, K. SCHOFIELD, and 


By D. C. 


Attempted synthesis of dyes isomeric with 
By Francis M. HAMER. 
Part XII. 


The quantitative determination of 


tantalum and niobium in complex minerals, ores, and synthetic materials.’’ By 


A. F. WILLIAMS. 


“The preparation of some 4--alkyl-3-nitrobenzoic acids.”’ 


ABDALLAH M. FLEIFEL. 


By Hussein A. FAHIM and 


“‘ Aluminium hypophosphite.’’ By D. A. EVEREsT. 


“‘ The dielectric polarisation of solutions. 


Part I. 


The polarisations and apparent dipole 


moments of various primary, secondary, and tertiary amines in solutions in non-polar 


solvents and in the liquid state.”’ 
“‘ Synthesis of fluoranthenes. Part X. 
point.”’ 


By E. G. CowLey. 
10-Methylfluoranthene. 


Correction of its melting 


By S. Horwoop TucKER and (Miss) MARGARET WHALLEY. 


ADDITIONS TO THE LIBRARY 


I, Donations 


DEPARTMENT OF SCIENTIFIC AND INDUS- 
TRIAL RESEARCH. A survey of the sulphur 
and sulphuric acid position. By R. AsHTon, 
A. L. THoroGoop, and D. NEVILLE-JoNEs. 
London 1952. pp. ii + 25. H.M.S.O. Is. 6d. 

From the Director. 

INSTITUTE OF GAS TECHNOLOGY. Re- 
search Bulletin No. 10. Sulfur poisoning of 
nickel catalysts. By C. H. Riesz, H. A. 
DIRKSEN, and W. J. Kirkpatrick. Chicago 
1951. pp. [iv] +23. ill. The Institute. 
$2.50. (Recd. 17/3/52.) 

No. 11. Expansion behavior of 
coal during carbonization; a literature study. 
By O. P. Bryscu and W. E. BALi. Chicago 
1951. pp. [iv] + 60. ill. The Institute. 
$5. (Recd. 17/3/52.) 

From the Faraday Society. 

MILAzzo, GIULIO. Elektrochemie; theo- 
retische Grundlagen und Anwendungen. 
Translated from the Ist Italian edition by 
W. ScHWABL. Wien 1952. pp. xiii + 419. 
ill. Springer. 61s. 6d. (Recd. 27/3/52.) 

From the Publishers. 


PANGBORN, MAry C. [and others]. Car- 
diolipin antigens; preparation and chemical 
and serological control. Geneva 1951. pp. 63. 
ill. (World Health Organization Monograph 
Series, No. 6.) (Reference.) 

From the Bureau of Abstracts. 

RITTER, FRANZ. Korrosiontabellen metall- 
ischer Werkstoffe, geordnet nach angreifenden 
Stoffen. 3rdedition. Wien 1952. pp. iv + 
283. ill. (Reference.) Springer. 58s. 6d. 

From the Publishers. 


II. By Purchase 


AMERICAN CHEMICAL SOCIETY. ‘Progress 
in petroleum technology. A collection of the 
papers presented at the symposium on twenty- 
five years of progress in petroleum technology 
held . . . September 3 to 7, 1951. Washington, 
D.C. 1951. pp. vi + 392. ill. (Advances in 
Chemistry Series, No. 5.) The Society. $3.50. 
(Recd. 25/3/52.) 

BEVERIDGE, WILLIAM IAN BEARDMORE. 
The art of scientific investigation. London 
1950. pp. xii+ 172. ill. Heinemann. 
10s. 6d. (Recd. 27/3/52.) 





BIOCHEMICAL SOCIETY. Symposium No. 8. 
Metabolism and function in nervous tissue. 
A symposium held... 10 November, 1951. 
Organized and edited by R. T. WIL Iams. 
Cambridge 1952. pp. [iv] + 102. ill. Camb. 
Univ. Pr. 12s. 6d. (Recd. 8/4/52.) 

CAMPBELL, MURRAY, and HATTON, HArR- 
RISON. Herbert Hfenry] Dow, pioneer in 
creative chemistry. New York 1951. pp. xi + 
168. ill. Appleton. $3.50. (Recd. 17/4/52.) 

CasEY, JAMES P. Pulp and _ paper; 
chemistry and chemical technology. Vol. 1. 
Pulping and papermaking. New York 1952. 
pp. xxxiii-+ 795. ill. Interscience. $15. 
(Recd. 27/3/52.) 

CoMITE INTERNATIONAL DE THERMO- 
DYNAMIQUE ET DE CINETIQUE ELECTRO- 
CHIMIQUES. Comptes rendus de la 2nd ré- 
union, 1950. Milano 1951. pp. xvi + [iv] + 
407. ill. (Reference.) Lib. Ed. Politecnica 
Tamburini. 45s. 

FRIEND, JOHN NEWTON. Man and the 
chemical elements from stone-age hearth to 
the cyclotron. London 1951. pp. ix + 354. 
ill. Griffin. 27s. 6d. (Recd. 27/3/52.) 

HAYNES, WILLIAMS. Chemical trade 
names and commercial synonyms; a diction- 
ary of American usage. New York 1951. 
pp. iv + 279. (Reference.) Van Nostrand. 
$5.50. 

HopGMAN, CHARLES D. Editor. Hand- 
book of chemistry and physics; a ready- 
reference book of chemical and physical data. 
33rd edition. Cleveland 1951. pp. xxi + 
2894. (Reference.) Chemical Rubber Publ. 
Co. 65s. 

Jacoss, Morris Boris. 
analysis of foods and food products. 
edition. New York 1951. 
ill. Van Nostrand. $9. 

JELLINEK, KARL. Verstandliche Elemente 
der Wellenmechanik. Eine Einfiihrung fiir 
experimentelle Naturwissenschaftler. 2 vols. 
Basil 1950—51l. pp. xii + 304; xi, 305— 
601. ill. Wepf. 34Sw. Frs. (Recd. 24/3/52.) 

KIRSHENBAUM, ISIDOR. Physical pro- 
perties and analysis of heavy water. Edited 
by Harotp C. Urry and GEorGE M. 
Murpuy. New York 1951. pp.. xv + 438. 
ill. (National Nuclear Energy Series.) 
McGraw-Hill. $5.25. (Recd. 27/3/52.) 

LIPSETT, CHARLES H. Industrial wastes, 
their conservation and utilization. New York 


The chemical 

2nd 
pp. xxiv + 902. 

(Recd. 27/3/52.) 
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1951. pp. xi + 317. 
(Recd. 17/4/52.) 

LworF, ANDRE. Editor. Biochemistry 
and physiology of protozoa. Vol. 1. New 
York 1951. pp. x + 434. ill. Academic Pr. 
$8.80. (Recd. 18/4/52.) 

McGinnis, R. A. Editor. 
technology. New York 1951. pp. xv + 574. 
ill. Reinhold. $10. (Recd. 27/3/52.) 

PARTINGTON, JAMES RIDDICK. General and 
inorganic chemistry for university students. 
2nd edition. London 1951. pp. xxiii + 925. 
ill. Macmillan. 40s. (Recd. 27/3/52.) 

PREGL, FRITZ. Quantitative organic 
microanalysis. 5th English edition, com- 
pletely revised and edited by JuLttus Grant. 
London 1951. pp. ix + 342. ill, Churchill. 
30s. (Recd. 19/3/52.) 

_Roperts, J. KEITH. Heat and thermo- 
dynamics. 4th edition, revised by A. R. 
MittER. London 1951. pp. xx + 593. ill. 
Blackie. 35s. (Recd. 31/3/52.) 

SHAWARBI, MAHMOUD YOUSEF. Soil 
chemistry. London 1952. pp. x + 420. ill. 
Chapman & Hall. 32s. (Recd. 27/3/52.) 

SILMAN, HAROLD. Chemical and electro- 
plated finishes; the protective treatment of 
metals. 2ndedition. London 1952. pp. xv + 
479. ill, Chapman & Hall. 50s. (Recd. 
31/3/52.) 

SLESSER, CHARLES, and SCHRAM, STUART 
R. Editors. Preparation, properties, and 
technology of fluorine and organic fluoro 
compounds. New York 1951. pp. xxiii + 
868. ill. (National Nuclear Energy Series). 
McGraw-Hill. $10. (Recd. 17/4/52.) 

SOCIETY OF LEATHER TRADES’ CHEMISTS. 
Official methods of analysis. 2nd edition. 
Croydon 1951. pp. [108]. ill. The Society. 
17s. 6d. (Recd. 27/3/52.) 

WuiTEe, M. J. D. The chromosomes. 
2nd edition. London i942. [1952 reprint.] 
pp. ix + 124. ill. (Methuen’s Monographs 
on Biological Subjects.) Methuen. 6s. (Recd. 
27/3/52.) 

WittcoFrFr, HAROLD. 
New York 1951. 


Atlas Publ. Co. $5. 


Beet-sugar 


The phosphatides. 
pp. xviii + 564. (Ameri- 
can Chemical Society Monograph Series.) 
Reinhold. $10. (Recd. 27/3/52.) 

Worsnop, B. L., and Fuint, H. T. 
Advanced practical physics for students. 9th 
edition. London 1951. pp. vii + [8] + 754. 
ill. Methuen. 30s. (Recd. 27/3/52.) 
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OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 
Otho Frederick Charles Bromfield (Welling) .... Dec. 2nd, 1937. April, 1952. 
Ernest Harold Farmer (Welwyn) (C. 1932—-35) Dec. 2nd, 1920. April 13th, 1952. 
Herbert Edward Law (San Francisco) May 7th, 1896. Jan. 18th, 1952. 
Alfred Mead (Birmingham) June 13th, 1946. Feb. 12th, 1952. 
John Oscar Palmen (Helsink:) Jan. 4th, 1948. Mar. 25th, 1952. 
Edward Shrapnell Shrapnell-Smith (Shere) ... Feb. 15th, 1900, April 8th, 1952. 
Frank Ernest Thompson (Walsall) June 15th, 1893. Jan. 6th, 1952. 


CONGRATULATIONS. 


The President has conveyed the congratulations of the Society co the following Fellows 
who completed sixty years of Fellowship on May 5th, 1952: 


John Theodore Hewitt (Reading). 
Cresacre George Moor (Bodmin). 


and to the following who completed fifty years of Fellowship on April 30th, 1952: 
George Henry Alexander Clowes (U.S.A.). 
A. Lionel Landau (N.W.10). 


William Scholes (Manchester). 
Frank Stanley Wood (Hull). 


ACKNOWLEDGMENTS. 


Acknowledgment is made of a gift of the Society’s publications from Dr. W. E. Nelson. 


ELECTION OF NEW FELLOWS. 


The following 231 candidates were elected Fellows of the Society on May 8th, 


Yusef Ahmed. 

James Malcolm Alexander. 
Ernest Leslie Anderson. 
William Anderson. 

Edwin Bolwell Andrews. 
Henry Richard Arthur. 
Wilfred Ashworth. 

James Geoffrey Aspden. 
Dorothy Margaret Aten. 
Philip Atherton. 

John Norman Atkinson. 
Gerald Bales. 

Richard John Bates. 
Patrick Michael Guy Bavin. 
Myron Becker. 

Joseph Bell. 

Edward Handley Binns. 
Clive Francis Blakely. 
Juan Enrique Bolzan. 
Margaret Annie Bond. 


Bryan John Bowles. 
Gerald Andre Lucien Brown. 
Roger Brais. 

Derek Burn. 

Ronald Hosendoff Burns. 
Douglas George Cannon. 
Reginald Arthur Care. 
Joan Cicely Clark. 

John Francis Clark. 

James Archibald Clow. 
David Gordon Coe. 
Richard Owens Colclough. 
Lewis Edwin Coles. 

Roger Brian Frank Collier. 
Harry Lloyd Collins. 
Robert Ashley Cox. 
Donald Alan Craw. 

Harry M. Culbertson. 
James Talmage Dobbins. 
John Gilbert Douglas. 








Derek Thomas Dowell. 
Frederick Keith Drayson. 
John Clive Dunbar. 
William Arnold Edmiston. 
David Philip Elias. 

Ian Anderson Ellis. 

Charles Anthony Elyard. 
Peter Francis Epstein. 
George Gamble Evans. 
Norman John Fairbairn. 
James Thomson Farquhar. 
John Desmond Felmingham. 
Alan Fields. 

Robert Filler. 

Brian Fishwick. 

Brian William Forder. 
Charles Sydney Franklin. 
Joseph Stewart Fruton. 
George Fuller. 

Terence Charles Gallant. 
Stanley Gelblum. 

Henry Gibb. 

David Stuart Gibson. 
Kenneth Harold Glover. 
Basil Albert Green. 

Peter Nicholl Green. 

David Bernard Greenwood. 
Thomas Frederick Grey. 
Cyril Anthony Grob. 

Olive Mary Groves. 

Douglas Knight Hale. 
Douglas Alfred Hall. 
Raymond Albert George Halsey. 
Francis Hardesty. 

Kenneth David Hardy. 
Howard Dale Hartough. 
Erich Arnold Haugas. 
Frank Hawke. 

Magnus Herd. 

Claude Frederick Hiskey. 
Fred J. Hope. 

Samuel Donald Holdsworth. 
Marcus Charles Bashew Hotz. 
John Philip Howard. 

John Gordon Bernard Howes. 
Roynon Howes. 

Peter Albert Theodore Hoye. 
John Lewis Huston. 

A. K. M. Shamsul Huq. 
Abdel Fattah Aly Ismail. 
Abdul Jabbar. 

Alan Edwin Jemmett. 
Michael Marcel Joerin. 
Anthony Maris Johnston. 
Norman Hardie Keir. 

K. A. Moinuddin Khan. 
Sidney Alfred Knight. 
Lawrence Howland Knox. 
Lewis Irvin Krimen. 

Sheila Kritzler. 

Thomas Joseph Kucera. 
Anthony Richard Lansdown. 
Jean Lecocq. 

John Edward Leffler. 

Roy Sherwin Lehrle. 

Peter Michael Lelean. 
Joseph Eric Le Surf. 
Walter Lindsay Linton. 





Lawrence Cyprian Lobo. 
Beryl Mary Luckett. 

John Duncan McColl. 

James Harkness McCraith. 
Robert Donald Macdonald. 
Alexander Stewart McGavin 
James Peter McGeer. 

Hugh Wallace McGregor. 
Samuel John McGuffin. 

David McHale. 

Robert Allan Mclvor. 
Douglas William McKee. 
Kenneth Mackenzie. 

Erick Douglas Macklen. 
Robert John Magee. 

Peter M. Maitlis. 

Geoffrey Michael Wilfred Mann. 
Leslie Charles Manning. 
Albert H. Markhart, jun. 
Dennis James Marsh. 

John Charles Maynard. 

Giulio Milazzo. 

George William Miller. 

Robert E. Miller. 
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George William Moersch. 
Richard Joseph Morath. 
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Peter Nayler. 
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Joseph F. O’Brien. 

John Oliver Victor Oubridge. 
Francis Joseph Oxberry. 
Trambaklal Mohanlal Oza. 
Jacob Padova. 

Robert Joseph Francis Palchak. 
Alexander Victor McPherson Parke. 
Tad LeMarre Patton. 

John Trend Pearson. 

Leonard Louis Pearson. 
Malcolm Blythe Perry. 
Maxwell C. Philip. 

Donald David Phillips. 

John Novert Phillips. 
Clarence Pickup. 

Richard Paul Pioch. 

John Arthur Porter. 

Richard John Porter. 

William Postelnek. 

Burt C. Pratt. 

John Brian Pridham. 

Barry Hugh Priscott. 

William Idwal Pumphrey. 
Shripati Venkatesh Puntambekar. 
Geoftrey Leonard Redfearn. 
Thomas Hartin Regan. 

Henry Lorimer Richardson. 
Ivor Harold Riley. 

John Harry Robertson. 

Nigel Anthony Jeffrey Rogers. 
Derrick Anderton Roper. 
Harold Rosenberg. 

Francis Joseph Charles Rossotti. 
Dennis Mervyn Russell. 
Gobind Swaruop Saharia. 





Anthony Vernon Salt. Jamil P. Thabit. 


Kenneth Sargeant. Harold Reginald Thirsk. 
Raymond Schmidt. Alwyn Thomas. 
James Gilbert Scroggie. David Ivor Thomas. 
— Howie Sherwood. John Martin Thompson. 

ejinder Singh. James Bernard Thomson. 
David John Skipper. Harold Douglas Thornton. 
Donald Morison Smith. Edward N. Trachtenberg. 
Ethel Smith. Lennox B. Turnbull. 
Lionel Hewgill Smith. Stuart William Turner. 
Michael Smith. Maurice Samuel James Twiselton. 
Leo Harry Sommer. Ishwar Prasad Varshney. 
Edgar Ashwin Speakman. Alan Gordon Walker. 
John Spreadborough. John Derek Walker. 
Witold Eryk Sprott. Edward Villers Morgan Wardell. 
Cecil Vivian Stead. Reginald Francis Webb. 
Geoffrey Steel. Alan Middleton White. 
Lincoln West Steele. Raymond Frederick Martin White. 
Robert Stevenson, jun. Vincent Aloysius Williams. 
Denys John Stormont. Frank Lewis Wiseman. 
Keith Christopher Stowell. Arthur Wilks Wolstenholme. 
Harold Reginald Sutcliffe. Peter Woodward. 
Thinniam Subramania Swaminathan. Kenneth James Wrigley. 
William F. Symes. Adam Wygnanski. 
Guido Tappi. Trevor Owen Young. 
Alec Richard Hornsey Tawn. Mohammad Saeed Zahid. 
John Evans Teasdale. Samuel Zuckerman, 
Melvin Tecotzky. 


JOURNAL OF THE CHEMICAL SOCIETY. 


During the six months, October 1951 to March 1952, 535 communications were sub- 
mitted to the Society for publication in the Journal, and it is expected that over 1000 
communications will require publication in the Journal for 1952. The Journal now costs 
about £10 a page of the new format, approximately 2$d. per word, and 1000 communic- 
ations will require 5000—5500 pages. 

The Publication Committee would be grateful if Fellows would bear in mind these 
large increases. The Committee does not desire to limit in any way publication of sound 
work, but wishes to discourage the following tendencies : 


(a) Submission of fragmentary work when this can be included in a larger 
communication. 

(b) Unnecessary division of work into separate Parts of aseries. (The Publication 
Committee in no way discourages papers solely on grounds of length.) 

(c) Elaboration of unproved hypotheses. 

(d) Over-detailed and verbose exposition of ideas. 

(e) Excessive use of diagrams, for example, of straight-line plots which can 
be sufficiently expressed as an equation, along with, if necessary, a table of 
deviations. 

(f) Details of the preparation of simple derivatives such as esters, ethers, semi- 
carbazones, etc., and slight variations of essentially the same technique. (Unless the 
conditions are critical, quantities are superfluous, and only an indication of reagents 
and/or conditions is required.) 

(g) Historical introductory paragraphs in cases when a simple statement of the 
accepted present position suffices. 

(h) Repetition of material from patents when no new scientific principle is 
involved. 


In putting forward the above considerations the Publication Committee nevertheless 
wishes to emphasise that the restrictions will be interpreted liberally, and not so rigidly 
as to interfere with the proper presentation of results or ideas, or with the separation of 
work into Parts for valid reasons. 

* 
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SCIENTIFIC MEETINGS. 


The following dates of Scientific Meetings during the Session 1952—53 have been 
approved by Council : 
1952. 1953. 

October 16th. January 22nd. 

November 6th. February 5th. 

November 20th. February 26th. 

December 4th. March 19th. 

December 18th. March 26th—27th, Anniversary Meetings. 
May 7th. 
June 4th. 


LIBRARY. 


From July 16th until September 30th, 1952, the Library will be open from 10 a.m. to 
5 p.m. daily, except during the fortnight August 4th to 16th inclusive, when it will be 
closed for revision and cleaning. 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All persons 
who have received grants, and whose accounts have not been declared closed by the Council, 
are informed that reports must be received by the Society not later than November Ist, 
1952. 

Applications for grants, to be made on forms obtainable from the General Secretary, 
must be received on or before November 15th, 1952. Applications from Fellows will 
receive prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
organic and metallurgical chemistry, and that the income from the Perkin Memorial 
Fund is to be applied to investigations relating to problems connected with the coal-tar 
and allied industries. 


QUARTERLY REVIEWS. 
Quarterly Reviews, Vol. V1, No. 2, contains the following articles : 
‘“* Geometrical isomerism about carbon-carbon double bonds,”’ by L. Crombie. 
‘“‘ The thermal polymerisation of aldehydes,’’ by J. C. Bevington. 
‘“‘ Transport control in heterogeneous reactions,’ by L. L. Bircumshaw and A. C. 
Riddiford. 
‘The energetics of reactions involving hydrogen peroxide, its radicals, and its 
ions,’’ by M. G. Evans, N. S. Hush, and N. Uri. 
Future issues will contain the following articles : 
“‘ The pteridines,’’ by A. Albert. 
“‘ Structural investigation of peptides and proteins,’ by H. G. Khorana. 
‘‘ Tonic conductance in solid salts,’’ by P. W. M. Jacobs and F. C. Tompkins. 
‘‘ Polarography of organic compounds,”’ by J. E. Page. 
‘“‘ The infra-red and Raman spectra of hydrocarbons. Part II,’’ by N. Sheppard 
and D. M. Simpson. 


VAN'T HOFF FUND. 


The Committee of the Van’t Hoff Fund for the endowment of investigations in the field 
of pure and applied chemistry invites applications for grants from the fund. 

The amount available for 1953 is about 1600 Dutch guilders, and applications should be 
sent by registered post to Het Bestuur der Koninklijke Nederlandse Academie voor 
Wetenscheppen, bestemd voor de Commissie van het “‘ Van’t Hoff Fonds,” Trippenhuis, 
Kloveniersburgwal 29, Amsterdam, before November Ist, 1952. Applicants must state 
the amount of the grant desired and the purpose for which it is required. 
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MEETINGS OUTSIDE LONDON 


BIRMINGHAM. 


“‘ The Formation of Hydrogen Atoms in Aqueous Solution,’’ by Professor F. S. Dainton. 


A joint meeting with the University Chemical Society was held in the main Chemistry 
Lecture Theatre, The University, Edgbaston, on March 15th, 1952, with Professor H. W. 
Melville in the Chair. 

Various methods for the detection of hydrogen atoms in aqueous solutions were outlined, 
with particular emphasis on the advantages and disadvantages of the method involving the 
initiation of the polymerisation of water-soluble vinyl compounds. Reactions suitable 
for generating hydrogen atoms in water were then described, and the Lecturer concluded 
with an account of the thermal and photochemical reactions 


M -H,O —> M¢*+*+ OH- + H 
and Av -H,O —> A®-)" + OH- +H 


and of the experimental unification of the transcendant role of the ionisation potentials 
of the cation (M**) and the anion (A*~) in these reactions. 

After a most interesting discussion, a vote of thanks, proposed by Dr. J. Bevington, 
was carried unanimously. 


SHEFFIELD. 
“‘ Recent Developments in Photochemistry,’’ by Professor R. G. W. Norrish, F.R.S. 


A joint meeting with the University Chemical Society was held in the Chemistry 
Lecture Theatre on April 24th, 1952, with Professor R. D. Haworth, F.R.S., in the Chair. 
Professor Norrish gave an account of the work in progress at Cambridge, in which light 
flashes of unprecedented intensity are being used. Under these conditions photochemically 
unstable molecules are disrupted, not merely in small numbers, but wholesale : thus chlorine, 
for example, gave a 70% yield of chlorine atoms. Arrangements have been made to record, 
by means of a second flash, the absorption spectra of the products at variable periods (of the 
order of milli-seconds) after the discharge of the main flash. In this way the production 
and reactions of free radicals of short life can be followed by direct observational data. 
The technique is being used not only in the study of photolysis, but also to secure direct 
evidence regarding the processes of combustion and explosion. 
On the motion of Mr. H. J. V. Tyrrell, a cordial vote of thanks was given to the Lecturer. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal fur June, 1952. Such objections 
will be treated as confidential. The forms of application ave available in the Library.) 


Aleem, Maleka, M.S. (Dacca). Pakistani. Department of Chemistry, Royal Holloway College, Egham, 
Surrey. Research Student. Signed by: G. Williams, A. G. Foster, T. G. Bonner. 

Ayad, Kamal Naquib, B.Sc. (Fouad Ist.). Egyptian. c/o Mr. Spencer, 141, South Park Road, Wimble- 
don, S.W.19. Research Student at Queen Mary College. Signed by: M. F. Ansell, R. F. Garwood, 
M. J. S. Dewar. 

*Badby, Alan James, B.Sc. (Lond.). British. 40, Strafford Road, Hounslow, Middlesex. Process 
Development Chemist. Signed by: J. F. Cavalla, D. E. Ames, J. Davoll. 

*Collins, David John. British. Invercauld Road, Goonellabah, Via Lismore, N.S.W., Australia. 
Student at Sydney University. Signed by: T. Iredale, J. Cymerman, H. C. Freeman. 

*Davies, Leslie, B.Sc. (Lond.), A.R.I.C. British. 7, Barff Road, Weaste, Salford, 5, Lancs. Analytical 
Chemist with British Schering Manufacturing Laboratories, Ltd., Cheshire. Signed by: J. A. 
Beardall, A. Alcock, N. W. Fletcher. 

Deacon, June Elspeth Murray, B.Sc. (Q.U.B.). British. 45, Stuart Road, Crosby, Liverpool 23. 
Chemistry mistress in Girls’ Secondary Grammar School. Signed by: W. W. Harpur, C. L. Wilson, 
J. C. McCoubrey. 

Doull, John Hanhart. British. 10, Alexandra Drive, Alloa, Scotland. Student at Kings College, 
Durham. Signed by: I. M, Heilbron, A. H. Cook, G. A. Stewart. 
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Easton, Richard Dobson, B.Sc. (Edin.). British. Research Department, I.C.I., Ltd. (Lime Division), 
Royal Exchange, Buxton, Derbyshire. Technical Officer. Signed by: D. Taylor, N. Ritchie, 
N. Campbell. 

Fasman, Gerald David, B.Sc. (Alberta), Ph.D. (Calif. Inst. of Tech.). Canadian. University Chemical 
Laboratory, Pembroke Street, Cambridge. Research Chemist. Signed by: A. R. Todd, G. W. 
Kenner, A. W. Johnson. 

*Finch, George William, B.Sc. (Lond.). British. 31, Henry Jackson House, Felsham Road, Putney, 
Loadon, S.W.15. Chief Assistant Chemist with Fullers Ltd., W.6. Signed by: R. L. Kenny, J. E. 
Salmon, C. L. Arcus. . 

*Fischer, Alfred. British. 690, Ferry Road, Woolston, Christchurch, New Zealand. Student. Signed 
by: J. Packer, J. Vaughan, C. J. Wilkins. 

Frigyes, Andrew William, B.Sc. (Lond.). British. 9, Windsor Road, London, N.13. Chemist. Signed 
by: A. L. Tarnoky, F. Kurzer, K. F. Coles. 

Garrett, William Herbert. British. c/o County Commercial Cars, Ltd., Albert Street, Fleet, Hants. 
Director of Scientific Instrument Co. Signed by: J. V. Westwood, D. W. Wilson, A. J. Lindsey. 

*Glazebrook, Roy :William, B.Sc. (Lond.). British. 7, New Road, Braughing, Ware, Herts. Research 
Chemist for the British Rubber Producers’ Research Association. Signed by: G. W. Ross, J. I. 
Cunneen, L. Bateman. 

*Gough, Gordon, B.A. (Cantab.). British. North Thames Gas Board, No. 1 Laboratory, Gas Works, 
Kings Road, Fulham, S.W.6. Chemist. Signed by: A. J. MacNaughton, R. J. Davis, A. B. Densham. 

*Hanger, William George, M.Sc. (New Zealand). British. 1, Norman Street, Anderson’s Bay, Dunedin 
E.1. New Zealand. Assistant Lecturer at University of Otago. Signed by: F. G. Soper, R. E. 
Corbett, W. G. H. Edwards. 

Heath, Harry Brereton, B.Pharm. (Lond.), Ph.C. British. The Priory Gate, Friars Street, Sudbury, 
Suffolk. Pharmaceutical Chemist with Stafford Allen & Sons, Ltd., Long Melford, Suffolk. Signed 
by: L. W. Ragg, H. M. Perry, W. Mitchell. 

Johnston, Victor Colin, B.Sc. (Manc.). British. 41, Inchfield Road, Moston, Manchester 10. Research 
Chemist with I.C.I. (Dyestuffs) Ltd. Signed by: K. H. Saunders, H. W. Thompson, J. F. Flemens. 

*Kelly, George Thomas, B.Sc. (Lond.), A.R.I.C. British. Officers’ Mess, Royal Marine Barracks, Deal, 
Kent. Naval Officer. Signed by: C. Louden, H. Weatherall, H. Bradbury. 

King, Stanley. British. Kingswood, Brookside Lane, High Lane, Marple, Cheshire. Chemist, Manager. 
Signed by: J. Pickthall, F. V. Wells, A. W. Middleton. 

Lowe, Arnold John, B.Sc. (Manc.). A.R.I.C. British. Bowness, Scarsdale Road, Manchester 14. 
Chief Chemist with Oxirane Ltd., Sale, Signed by: E. Marshall Meade, A. G. Williamson, K. 
Tomlinson. 

*Macdonell, Geoffrey Ernest. British. 4, The Gardens, Rayners Lane, Pinner, Middlesex. Chemistry 
Student at Acton Technical College. Signed by: J. W. Spence, S. C. Bevan, G. C. Speers. 

Marshall, James Herbert Evan, M.A. (Cantab.), F.R.I.C. British. 9, Cornwall Road, Finsbury Park, 
N.4. Analytical Chemist with Hehner & Cox, E.C.3. Signed by: J. Grant, J. H. Hamence, 
G. Taylor. 

*Martin, Kenneth Vincent. British. 82, Macaulay Road, Stanmore, Sydney, Australia. Student. 
Signed by: R. J. W. Le Févre, T. Iredale, J. Hobbs. 

*Mesley, Robert John, B.Sc. (Lond.). British. 127 Amyand Park Road, Twickenham, Middlesex. 
Research Student. Signed by: C. L. Arcus, F. R. Goss, J. Kenyon. 

*Mills, Brian. British. 27, Queen’s Avenue, Maldon, Essex. Student at University College, Exeter. 
Signed by: S. J. Gregg, R. King, L. H. Long. 

*Neale, Alan Jeffery, B.Sc. (Leeds), A.R.I.C. British. 21, Mount Preston, Leeds 2. Research Student 
at Leeds University. Signed by: P. A. Briscoe, J. W. Baker, W. A. Wightman. 

Nevitt, Thomas D., M.S. (Iowa State College). American. The Chemistry Department, Iowa State 
College, Ames, Iowa, U.S.A. Student and Instructor. Signed by: J. Kochi, G. S. Hammond, 
J. P. Butler. 

Page, Albert James. British. Berene, Church End Avenue, Runwell, Wickford Essex. Chemist with 
Messrs. Egan Electric Ltd. Canvey Island. Signed by: C. R. Barnes, R. J. H. Banks, H. Holness. 

Roberts, Wilfrid Thomas, B.Sc. (Wales), A.R.I.C. British. 52, Butleigh Avenue, Cardiff. Chief 
Chemist with Thomas Owen & Co. Cardiff. Signed by: N. M. Cullinane, G. H. Macadam, W. D. 
Williams. 

*Robertson, Peter Struan, B.Sc. (New Zealand). British. 164, Blighs Road, Papanui, Christchurch, 
N.W.2, New Zealand. Student. Signed by: J. Packer, C. J. Wilkins, J. Vaughan. 

*Smutny, Edgar Josef. American. Chemistry Department, University of Minnesota, Minneapolis 14, 
Minnesota, U.S.A. Teaching Assistant. Signed by: C. F. Koelsch, S. W. Fenton, W. M. Lauer. 

*Summers, George Henry Ralph, M.Sc. and Ph.D. (Wales). British. 96, Manor Road, Manselton, 
Swansea, Glam. Temporary Assistant Lecturer in Chemistry, University College, Swansea. 
Signed by: K. W. Sykes, A. J. Fudge, C. W. Shoppee. 

Tivey, David John, B.Sc. (Lond.). British. 42, St. Heliers Avenue, Hounslow, Middlesex. Research 
Chemist. Signed by: E. N. Morgan, J. Davoll, J. F. Cavalla. 

Warwicker, John Owen, M.Sc. and Ph.D. (Lond.), A.R.I.C. British. 25, Bolton Avenue, East Didsbury, 
Manchester 12. Research Chemist. Signed by: T. P. Nevell, F. S. H. Head, D. W. Hill. 

White, William North, M.A. (Harvard). American. 36, Irving Street, Cambridge, Mass., U.S.A. 
Student at Harvard University. Signed by: R. K. Hill, F. D. Greene, V. J. Shiner, jun. 
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UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Benson, Gwyn, M.A. (Cantab.). Canadian. Shawinigan Chemicals, Ltd., Shawinigan Falls, P.Q., 
Canada. Director of Research. Signed by: E. K. Rideal, G. Lewi. 

Brown, Bernard Beau, A.B. (Temple), M.S. and Ph.D. (Michigan). American. 76, Blackmon Road, 
Grand Island, New York, U.S.A. Research Chemist with Mathieson Chemical Corp. Signed by: 
H. Stange. 

Coltas, Alfred Geoffrey, B.Sc. (Mount Allison). Canadian. 111B James Street (P.O. Box 193), Patty 
Sound, Ontario, Canada. Chief Chemist with C.I.L. Explosives Division, Ontario. Signed by: 
A. K. Light, S. Bywater. 

*Friedman, Leonard J. A.B. (Harvard). American. 56, Cumberland Avenue, Brookline 46, Mass., 
U.S.A. Student at Harvard Medical School. Signed by: L. F. Fieser. 

*Hall, John Robert, B.Sc. (Queensland). British. Chemistry Department, University of Queensland, 
Brisbane, Queensland, Australia. Demonstrator in Chemistry. Signed by: T. G. H. Jones, F. N. 
Lahey. 

Hargreaves, Chester Arthur, M.S. and Ph.D. (Yale). American. Department of Chemistry, Yale 
University, 225, Prospect Street, New Haven il, Connecticut, U.S.A. Instructor in Chemistry. 
Signed by: H. H. Wasserman. 

Heller, Milton David, M.S. and Ph.D. (Michigan). American. Lederle Laboratories, American 
Cyanamide Co., Pearl River, New York, U.S.A. Research Chemist. Signed by: T. E. Habgood, 
H. J. Vipond. 

Hoch, Paul Edwin, B.A. (Ohio Wesleyan University), M.S. (Syracuse), Ph.D. (Illinois). American. 
R.F.D. No. 4, Easton, Pennsylvania, U.S.A. Research Chemist with General Aniline and Film 
Corp. Signed by: W. L. Mosby. 

Johnson, Edward Alfred, M.D. (Albert). Canadian. 5589 University Boulevard, Vancouver, B.C., 
Canada. Cancer Research. Signed by: J. A. Harris, A. K. Light. 

Julia, Marc Yves, Ph.D. (Lond.), D.Sc. (Paris). French. 12 ter. Rue Cardinet, Paris 17, France. 
Ecole Polytechnique, Paris. Signed by: R. A. Raphael. 

Kooyman, Eduard Cornelis, Ph.D. (Amsterdam). Dutch. Laboratorium Koninklijke/Shell, Amsterdam 
(N), Netherlands. Research Chemist. Signed by: J. P. Wibaut, W. A. Waters. 

Kureshy, Vazir Ahmed, B.A. (Osmania), M.Sc. (Aligarh Muslim University). Pakistani. 35, St. Vincent 
Crescent, Glasgow, C.3. Chemist at Pakistan Ordnance Factory. Signed by: W. Hodgson, 
H. Dickie. 

Laffitte, Paul. French. Laboratoire de Chimie Générale, Faculté des Sciences, 1, Rue Victor-Cousin, 
Paris 5, France. Professor of Chemistry. Signed by: C. N. Hinshelwood. 

*Miller, Alfred David, A.B. (Syracuse). American. 112, Valley Street, Exeter, Pennsylvania, U.S.A. 
Chemistry Student. Signed by: H. W. Heine. 

*Mitchell, Joan, B.Sc. (Melbourne). Australian. 40, Fairfield Avenue, Camberwell, Melbourne, 
Victoria, Australia. Student. Signed by: K. H. Pausacher. 

Pross, August William, B.Sc. (Lond.). British. 806 Richelieu Road, Beloeil, P.Q., Canada. Research 
Chemist. Signed by: A. K. Light, S. Bywater. 

Shafer, Paul Richard, Ph.D. (Wisconsin). American. Department of Chemistry, 208, Noyes Laboratory, 
University of Illinois, Urbana, Illinois, U.S.A. Research Assistant. Signed by: D. Y. Curtin, 
R. Adams. 

Sheehan, John C., M.S. and Ph.D. (Michigan). American. 324 Park Avenue, Arlington 74, Massachu- 
setts, U.S.A. Associate Professor of Chemistry at Massachusetts Institute of Technology. Signed 
by: A. Streitweiser. 

Verbanic, Carl Joseph, M.S. (College of the Holy Cross). American. 1240, Ridge Road, Lackawanna, 
New York, U.S.A. Research Chemist. Signed by: H. Stange. 


* Reduced subscription. 





PAPERS RECEIVED 
(List of papers received between April 22nd and May 15th, 1952.) 


“‘ Nitration in sulphuric acid. Part VIII. Kinetics of nitration of the trimethylphenyl- 
ammonium ion.’’ By T. G. BONNER, FREDA BowyYER, and Gwyn WILLIAMS. 

“3: 4-Dihydro-2-ketonaphtho(I’ : 2’-5 : 6)-1 : 4-oxazine.””’ By R. D. Haworta, R. 
MACGILLIvRAY, and D. H. PEAcock. 

“* 3-Indolylacetaldehyde and 3-indolylacetone.’’ By J. B. Brown, H. B. HENBEsT, 
E. R. H. JONEs. 

“‘ Dealkylation and hydrolysis of alkyl phosphites, phosphates, and phosphonates.’’ By 
W. GERRARD, W. J. GREEN, and R. A. NuTKINS. 

“ Dehydration of 2-fluorenyleyclohexanol.’’ By J. W. Cook and L. HuNTER. 

“The 2: 3-4: 5-ditsopropylidene derivatives of u/dehydo-L-xylose and -1-xylitol.’’ By 
E. J. Bourne, G. P. MCSwEENEY, and L. F. WicGins. 
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“‘ Trifluoromethylbenziminazoles.’”’ By A. SyKEs and J. C. TATLOow. 

“Syntheses of benzo[mmno]fluoranthene and dibenzo[k, mno}fluoranthene.”” By NEIL 
CAMPBELL and DAvip H. REID. 

“Formation of organophosphorus compounds by the reaction of alkyl chlorides with 
phosphorus trichloride in the presence of aluminium chloride.’”’ By A. N. KINNEAR 
and E. A. PERREN. 

‘‘ The oxidation of monoethenoid fatty acids and esters. Catalytic oxidation of elaidic 
acid, methyl elaidate, and -propyl elaidate. The oxidation products.’’ By J. H. 
SKELLON and M. N. THURSTON. 

“Studies on unimolecular chlorohydrocarbon decompositions. Part I.’ By K. E. 
Howlett. 

“The chemistry of 2-mercaptobenzothiazole derivatives. Part I. The reaction of bis- 

benzothiazol-2-yl disulphide with olefins.’’ By C. G. Moore. 

The chemistry of 2-mercaptobenzothiazole derivatives. Part II. The thermal decom- 
position and isomerisation of 2-alkyl- and 2-alkenyl-thiobenzothiazolines and 3-alkyl- 
and 2-alkenyl-2-thiobenzothiazolines.’” By C. G. Moore and E. S. WAIGHT. 

The action of ionizing radiations and of radiomimetic substances on deoxyribonucleic 
acid. Part VI. Physicochemical measurements of the action of bischloroethyl- 
methylamine.”’ By J. A. V. BuTLER, L. GILBERT, and D. W. F. JAMEs. 

“The decomposition of sulphuric acid in town’s gas flames.”” By R. F. LITTLEJOHN and 

G. WHITTINGHAM. 
The kinetics of ionic polymerisation. Part III. The side-chain effect in the vinyl 
ethers.’”” By D. D. ELEY and J. SAUNDERs. 

‘Cinnolines. Part XXIX. 8-Hydroxycinnoline and some of its derivatives.’’ By E. J. 
ALFORD, H. IRvING, (Miss) H. MARsH, and K. SCHOFIELD. 

Studies in spectroscopy. Part I. Steric effects in some substituted butadienes and 
cyclobutanes.’’ By K. B. ALBERMAN, R. N. HASZELDINE, and F. B. KIpPING. 

Infra-red spectroscopy and structural chemistry. Part III. Gladiolic acid.’’ By 
JOHN FREDERICK GROVE. 

‘The decomposition of aliphatic diazo-compounds by trimethyl borate: the preparation 
of branched-chain paraffins of high molecular weight.’’ By G. D. BucKLEY and 
N. H. Ray. 

Stereochemistry of the tropane alkaloids. Part I. The configuration of tropine and 
s-tropine.’” By GABoR Fopor and KAROLY NADOR. 

The stereochemistry of the tropane alkaloids. Part II. The configurations of the 
cocaines.’” By GABOR Fopor. 

‘“‘ The salting-out of non-electrolytes. Part I. The effect of ionic size, ionic charge, and 

temperature.’’ By T. J. MorRISON. 

‘‘ The salting-out of non-electrolytes. Part II. The effect of variation in non-electrolytes.”’ 
By T. J. Morrison and F. BIL_ett. 

‘Nucleotides. Part XV. A synthesis of uridine-5’ pyrophosphate, a breakdown product 
of the coenzyme ‘ uridine-diphosphate-glucose.’’? By N. ANAND, V. M. CLARK, 
R. H. HALL, and A. R. Topp. 

‘““ Nucleotides. Part XVI. Ribonucleoside-5’ phosphites. A new method for the pre- 
paration of mixed secondary phosphites.’’ By N. S. Corsy, G. W. KENNER, and 
A. R. Topp. 

“Nucleotides. Part XVII. N-Chloroamides as reagents for the chlorination of diesters 
of phosphorous acid. A new synthesis of uridine-5’ pyrophosphate.”’ By G. W. 
KENNER, A. R. Topp, and F. J. WEyMouTH. 

“Nucleotides. Part XVIII. The synthesis and properties of adenosine-5’ uridine-5’ 
phosphate.’ By D. T. ELMore and A. R. Topp. 

‘‘ Studies in co-ordination chemistry. Part XIII. The magnetochemistry of simple and 
complex fluorides of transition metals.’’ By R.S. NyHoLm and A. G. SHARPE. 

‘“‘ The preparation of bis-2-cyanoethyl derivatives of aromatic primary amines, and their 
conversion into 1 : 6-diketojulolidines.”’ By Joun T. BRAUNHOLTZ and FREDERICK G. 
MANN. 
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“The infra-red spectra of methyl ximenynate and ximenyny] alcohol.’’ By N. H. E. 
AHLERS and S. P. LIGTHELM. 

“‘ Aminoalkanesulphonamides and alkanedisulphonamides.”’ By J. W. GRIFFIN and D. H. 
HEY. 

“‘ Effect of methylation on the light absorption of phenols. Part II. Monophenylazo- 
phenols.”’ By A. BurAwoy and J. T. CHAMBERLAIN. 

‘“‘ Trypanocides of the phenanthridine series. Part I. The effect of change of the quatern+ 


ary grouping in dimidium bromide.’’ By T. I. WATKINS. 

“‘ The preparation and isomerisation of 8-aroylacrylic acids.’’ By G. BADDELEY, G. HOLT, 
and S. M. MAKaR. 

“‘ Eight- and higher-membered ring compounds. Part IX. Improved synthesis of 
coronene.’’ By WILSON BAKER, J. F. W. McOmte, and W. K. WARBURTON. 

“ Characterisation of primary aliphatic amines by reaction with o-acetoacetylphenol and by 
paper chromatography.’’ By WILSON BAKER, J. B. HARBORNE, and W. D. OLLIs. 

‘“‘ A confirmation of the structure of 2 : 6-dimethyl-4-pyrimidylmethyl-lithium and some 
observations on the condensation of 1 : 3-diketones with acetamidine.”’ By Joun C. 
ROBERTS. 

“‘ The preparation and stability of oxaloacetic acid.’” By JoHN C. ROBERTs. 

“Pyrimidines. Part II. The ultra-violet absorption spectra of some monosubstituted 
pyrimidines.’’ By (Miss) M. P. V. BOARLAND and J. F. W. McOmiIe. 

‘“‘ Pyrimidines. Part III. The ultra-violet absorption spectra of some polysubstituted 
pyrimidines.’’ By (Miss) M. P. V. BOARLAND and J. F. W. McOmiIeE. 

“‘ A synthesis of (+-)-8-aminobutyric acid from L-alanine.’’ By K. BALENovic, D. CERAR, 
and Z. Fuks. 

“The Senecio alkaloids. Part IX. The synthesis and resolution of 3 : 4-dihydroxy-2- 
methylpentane-3-carboxylic acids. Viridifloric and trachelantic acids.’’ By LEONARD 
J. Dry and FRANK L. WARREN. 

‘““Some physical investigations of the behaviour of bacterial surfaces. Part I. The 
electrophoretic mobility of Aerobacter aerogenes.’’ By P. J. BARRY and A. M. JAMEs. 

“‘ The heat of formation of disodium methylphosphonate.’’ By RAYMOND THOMPSON. 

“ Eight- and higher-membered ring compounds. Part X. Di-, tri-, and tetra-thiosalic- 
ylides.’” By Witson BAKER, A. S. EL-NAwawy, and W. D. OLLIs. 

“‘ Studies in co-ordination chemistry. Part XII. Magnetic moments and bond types of 
transition-metal complexes.’’ By F. H. BursTALL and R. S. NYHOLM. 

“The polymerisation of isobutene. Part III. The end-group problem.’’ By M. St. C. 
Fett and P. H. PLEscu. 

“‘ Solanum alkaloids. Part VIII. Solmargine, a new alkaloid from Solanum marginatum.”’ 
By Linpsay H. Brices, E. G. BRooKER, W. E. HARVEY, and A. L. ODELL. 

“* Solanum alkaloids. Part IX. The relation between constitution and basicity in sola- 
sodine and its derivatives and in solanidine.’’ By H. BLoom and LinpDsay H. Bris. 

“‘ Substituted benzidines and related compounds as reagents in analytical chemistry. 
Part XI. The oxidation potentials of naphthidine, 3: 3’-dimethylnaphthidine, and 
their sulphonic acids.’’ By R. BELCHER, A. J. NUTTEN, and W. I. STEPHEN. 

“* New syntheses based on 5-aminopyrimidines.”’ By F. L. Rose. 

“‘ The reaction between indole and acetic anhydride.’’ By J. E. SAxTon. 

“An investigation of the carbohydrate moiety of certain fresh-water algae.”’ By L. 
Hovucu, J. K. N. JoNEs, and W. H. WADMAN. . 

‘“‘ The polyphosphates of manganese, cobalt, nickel, and copper; their complex character, 
composition, and behaviour.’” By M. Bosretsky and S. S. KERTEs. 

“Insecticidal activity and chemical constitution. Part V. Synthesis of some di-p- 
chlorophenylalkanes.”’ By E. JoHN SKERRETT and D. Woopcock. 

“‘ The oxidation of glycols with lead tetra-acetate. A kinetic study.’’ By J. P. CORDNER 
and K. H. PAUSACKER. 

“ The oxidation of glycols by aryl iodosoacetates. A kinetic study.’’ By K. H. PAUSACKER. 

“* Glow-discharge electrolysis. Part I. The anodic formation of hydrogen peroxide in 
inert electrolytes.’’ By R. A. DAviEs and A. HICKLING. 
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“Steroids. Part III. 


FRANCIS JOHNSON, and F. S. SPRING. 


‘* A crystallographic examination of the structure of lumisterol.”’ 


HopGKIN and D. SAYRE. 
“Coenzyme A. Part VI. 
from a hydrolysate.”’ 


ation of the fundamental frequencies. 
rotation of the hydroxl group.”’ 
POOLE. 


‘““New syntheses of heterocyclic compounds. 
dimethyl-2-aza-9-fluorenylidene acetate.”’ 
‘‘ The electrical conductivity of liquid dinitrogen tetroxide.”’ 


J. Lewis. 


‘“ A new twin microcalorimeter, and the heat of transformation of «- into $-quinol.”’ 


D. F. Evans and R. E. RICHARDs. 


11-Oxygenated steroids from 22: 23-dibromoergosta-7 : 9(11)- 
dien-38-yl acetate (ergosteryl-D acetate 22 : 23-dibromide).”’ 


By RICHARD BUDZIAREK, 


By DorotHy CROWFOOT 


The identification of pantothenic acid-4’ and -2’ : 4’ phosphates 
By J. BADDILEY and E. M. THarn. 
‘ Infra-red spectrum of nitric and of deuteronitric acid vapour. 


Completion of identific- 
Entropy of nitric acid. Barrier resisting 


By (the late) HENRY Coun, C. K. INGOLD, and H. G. 


Part XVIII. Diethylaminoethyl-1 : 3- 
By B. N. FEITELSON and V. PETROw. 
By C. C. ADDISON and 


By 


‘“‘ The preparation and magnetic susceptibility of clathrate compounds of nitric oxide and 


of oxygen.”’ 


molecules.’’ By A. D. WALSH. 


‘“‘ The electronic orbitals, shapes, and spectra of polyatomic molecules. 
By A. D. WALSH. 
‘‘ The electronic orbitals, shapes, and spectra of polyatomic molecules. 


hydride AB, and BAC molecules.”’ 


molecules.”’ 


By A. D. WALSH. 


‘“‘ The electronic orbitals, shapes, and spectra of polyatomic molecules. 
By A. D. WALSH. 


atomic hydride AHg, molecules.”’ 


“‘ The electronic orbitals, shapes and spectra of polyatomic molecules. 


atomic non-hydride AB, molecules.”’ 


By D. F. Evans and R. E. RICHARDs. 
“The electronic orbitals, shapes, and spectra of polyatomic molecules. 


Part I. AH, 


Part II. Non- 


Part III. HAB 


Part IV. Tetra- 


Part V. Tetra- 


By A. D. WALSH. 
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UniTED NATIONS EDUCATIONAL AND 
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reactions. Washington, D.C. 1951. pp. 
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PROCEEDINGS 
OF THE 
CHEMICAL SOCIETY 





OFFICIAL ANNOUNCEMENTS 
PATRON. 


Her Majesty the Queen has been graciously pleased to grant her Patronage to the 
Society. 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 
John Francis Hutchins Gilbard (London, S.E.25) May 16th, 1895. April 24th, 1952. 
Barbara Evelyn Halcrow (Saltcoats) May 17th, 1945. 1952. 
Joseph Melbourne Johnson (Birmingham) Feb. 21st, 1935. Jan. 1951. 
Kurt Meyer (Geneva) Feb. 17th, 1949. 1952. 


CONGRATULATIONS. 
Birthday Honours List 


The President has conveyed the congratulations of the Society to the following Fellows 
whose names appear in the Birthday Honours List for 1952 : 


Knight Bachelor 
Thomas Weston Johns Taylor (Jamaica). 


C.B.E. 


Thomas James Drakeley (London). 
Donald Thomas Alfred Townend (Tadworth). 


Sixty and Fifty Years of Fellowship 
Congratulations have also been conveyed to Mr. Horatio Ballantyne (Tadworth), 


who completed sixty years of Fellowship on June 19th, 1952, and to the following who 
completed fifty years of Fellowship on June 18th, 1952: 


Edwin Thomas Holman Bucknell (Weston-super-Mare). 
Percy James Ferris (Glasgow). 

Charles Lessner (Carril, Spain). 

Percy Philip Phillips (Bournemouth). 

George Paton Pollitt (S. Rhodesia). 

Harold James Roast (Quebec). 


ANNUAL GENERAL MEETING, 1952. 


An account of the One Hundred and Eleventh Annual General Meeting of the Society 
held in Dublin on April 16th, 1952, appears in the Journal for July, 1952. After the 
Annual General Meeting and before the Presidential Address, the following Fellows were 
-formally admitted : Mamie Olliver, D. W. Kent-Jones, D. M. S. Wheeler, S. J. Angyal, 
F. D. Gunstone, F. C. Bullock, B. D. W. Luff, Francis J. Coll, S. A. Ray, H. P. Hutchison, 
E. Arthur Bell, A. W. Edwards, Richard L. Kenyon, P. B. Turner, J. G. Belton, H. D. 
Thornton, N. A. C. Pryce, J. C. Aherne, J. P. Teegan, T. W. Breaden, N. B. Dyson, Harry 
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Irving, Kenneth G. Pankhurst, R. B. Gilliland, G. A. F. Harrison, William J. Davis, 
W. W. Harpur, Margaret Harte, W. G. Hiscock, M. D. Rogan, Thomas Maclachlan, Cecil L. 
Wilson, D. H. Hayes, Jack R. Plimmer, D. C. Pepper, E. B. McCall, K. H. Handy, C. F. 
Buckley, L. M. Mundy, C. W. Herd, J. E. Mulvey, T. G. Brady, A. H. Hughes, K. Ahmad, 
Eva Philbin. 


PUBLICATION COMMITTEE—DEPUTY CHAIRMAN. 
Professor W. Wardlaw has been re-elected Deputy Chairman for the year 1952—53. 


LOCAL REPRESENTATIVES. 
(a) Aberdeen. 

The resignation of Dr. J. M. C. Thompson as Local Representative for Aberdeen has 
been accepted with regret, and Dr. R. H. Thomson has been appointed as his*successor. 


(b) Edinburgh. 
The resignation of Dr. Neil Campbell as Local Representative for Edinburgh has been 
accepted with regret, and Dr. T. R. Bolam has been appointed as his successor. 


ACKNOWLEDGMENTS. 


Acknowledgment is made of gifts of the Society’s publications from the British Alu- 
minium Co., Ltd., and the British Cotton and Wool Dyers’ Association, Ltd. 


ELECTION OF NEW FELLOWS. 
The following 70 Candidates were elected Fellows of the Society on June 5th, 1952: 





Israel Bar-Gadda. 
Morfydd Ann Bevan. 
Derek George Bew. 

Lionel Hepworth Brookes. 
John Johnston Brown. 
Mary Davidson Cameron. 
John Edwards Castle. 


Frank Henderson Clarke, jun. 


John Francis Collins. 
Raymond Frederick Collins. 
Elias James Corey, jun. 
Howard Seebree Corey, jun. 
Robert Hill De Wolfe. 
Kenneth Drake. 

Jago Jakob Dreiding. 
George Frank Duffin. 
Vaughan Edwards. 

Alan Anthony John Fluck. 
William Frederick Forbes. 
Roy Vivian Foster. 
Richard John Gell. 

Harry William Gillett. 
George Noel Ginger. 
Frances B. Greer. 

Philip Musgrave Gundry. 
Philip Sydney Hall.  — 
John Stuart Harding. 
Donald Leslie Harrison. 
Eirik Heen. 

Winfried Thomas Holfeld. 


Charles Albert Reginald Hurt. 


John William Janus. 
Reginald Basil Johns. 
Ian Arkle Kemp. 
Jose E. Leonis. 


Harold A. Levine. 

Peter Brian Lumb. 

David Jonathan Marshall. 
Alison Binnie Martin. 
Lelio Molinario. 

Alfred Henry Moore. 
Kevin Maxwell Claude Mostyn. 
Fay Lilian Myers. 

Mary Jean Parsons. 
Stanley Morton Pier. 
Maynard Stanley Raasch. 
David Irwin Randall. 
James Hornby Rayner. 
John Jeffrey Reid. 
Kenneth Reynolds. 

John Hall Richards. 

Eric James Shepherd. 
Ronald Slack. 

Carl Mayn Smith. 
Valentin Sobrini. 
Alexandra James Strath Sorrie. 
Howard Steinberg. 

Robert James Stephenson. 
Charles Gardner Swain. 
John Douglas Swanwick. 
Louca Renos Symeon. 
Arthur Frederick Temple. 
Thomas Bernard Thomson. 
Charles Henry Turner. 
Peter Murray White. 
Lawrence Bernard Wick. 
Kenneth Eardley Willmot. 
Barry Forsyth Wright. 
Douglas Stuart Young. 
Markus K. Zimmermann. 





91 


QUARTERLY REVIEW PANELS. 


The suitability of articles for Quarterly Reviews is assessed by Panels drawn from the 
Publication Committee. The present membership of the Panels is as follows : 


Physical Chemistry Panel 

Professor F. S. Dainton, M.A., Ph.D. 

Dr. L. E. Sutton, M.A., F.R.S. 

Professor C. E. H. Bawn, B.Sc., Ph.D., F.R.S. 
Inorganic Chemistry Panel 


Professor W. Wardlaw, C.B.E., D.Sc., F.R.I.C. 
Professor J. M. Robertson, M.A., D.Sc., F.R.S. 
Mr. R. P. Bell, M.A., B.Sc., F.R.S. 


Organic Chemistry Panel 


Professor E. D. Hughes, D.Sc., F.R.1.C., F.R.S. 
Professor R. D. Haworth, D.Sc., Ph.D., F.R.S. 
Professor M. Stacey, Ph.D., D.Sc., F.R.S. 


Correspondence should, however, normally be addressed in the first place to the Editor. 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by the 
Council, are informed that reports must be received by the Society not later than November 
Ist, 1952. 

Applications for grants, to be made on forms obtainable from the General Secretary, 
must be received on or before November 15th, 1952. Applications from Fellows will re- 
ceive prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the 
Worshipful Company of Goldsmiths is principally devoted to the encouragement of research 
in organic and metallurgical chemistry, and that the income from the Perkin Memorial 
Fund is to be applied to investigations relating to problems connected with the coal-tar 
and allied industries. 


CORDAY-MORGAN MEDAL AND PRIZE. 


The Corday—Morgan Medal and Prize, consisting of a Silver Medal and a monetary 
Prize of 150 Guineas, is awarded annually to the chemist of either sex and of British 
Nationality, who, in the judgment of the Council of the Chemical Society, shall have 
published during the year in question the most meritorious contribution to experimental 
chemistry, and who shall not, at the date of publication, have attained the age of thirty-six 
years. The Council has power to suspend the award in any year in which no suitable 
candidate presents himself or is brought to the notice of the Council. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1951 must be received not later than December 31st, 1952, and applications for the Award 
for 1952 are due before the end of 1953. 


INSTITUTE OF METALS—SYMPOSIUM. 


A Symposium on Properties of Metallic Surfaces is to be held on November 19th, 1952, 
in the Lecture Theatre of the Royal Institution, London, W.1. The Institute of Metals has 
extended an invitation to Fellows of the Society to participate in the meeting and, those 
who desire to attend should apply for a Programme and Registration Form to the Secretary 
of the Institute of Metals, 4, Grosvenor Gardens, S.W.1. The registration fee of five shillings 
includes the cost of advance copies of the papers to be presented at the Symposium. 











92 


MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on June 5th, 1952, at 7.30 p.m. 


The President, Proressor C. K. INGotp, D.Sc., F.R.S., was in tlie Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on March 27th, 1952, 
were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: P. M. Lelean, A. R. M. S. Huq, 
P. C. Freeman, R. H. Cousens. 


SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed : 


‘“‘ Protochemical reactions. The behaviour of membranes as protodes and a theory of 
the glass electrode.’”’ By W. H. Beck, K. G. Rasmussen, and W. F. K. Wynne-Jones. 


“‘ Glow-discharge electrolysis. Part 1. The anodic formation of hydrogen peroxide in 
inert electrolytes.” By R. A. Davies and A. Hickling. 


“The anodic polarization of mercury in acid solutions.”” By R. H. Cousens, D. J. G. 
Ives, and R. W. Pittman. 


MEETINGS OUTSIDE LONDON 
SOUTHAMPTON. 


“The Application of Electric Dipole-moment Measurements to Chemical Problems,” 
by Dr. L. E. Sutton, F.R.S. 


A joint meeting with the University of Southampton Chemical Society was held in the 
Physics Department of the University on May 16th, 1952, with Mr. E. A. S. Cavell in the 
Chair. 

Dr. Sutton gave a lucid account of the way in which electric dipoles arise in molecules, 
and then proceeded to consider several specific cases in which dipole-moment measurements 
had been used in the study and elucidation of organic molecular structures. The lecture 
was illustrated by a model and slides. 

After a vigorous discussion, a vote of thanks to Dr. Sutton, proposed by Mr. Cartmell, 
was accorded with acclamation. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for July, 1952. Such objections 
will be treated as confidential. The forms of application are available in the Library.) 


*Aitken, Ian Morrison. British. Netherby, St. Mary’s Drive, Dunblane, Perthshire. Student at St. 
Andrew’s University. Signed by: H. T. Openshaw, D. M. G. Lloyd, C. Horrex. 

Ayres, David Charles, B.Sc. (Lond.) A.R.C.S. British. 13, Hadley Road, Mitcham, Surrey. Research 
Student. Signed by: R. P. Linstead, H. N. Rydon, E. A. Braude. 

Blau, Joseph Maurice, M.P.S. British. 11, Pembury Close, Clarence Road, London, E.5. Pharmacist. 
Signed by: D.C. Harrod, M. Dombrow, J. Walker. 
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Bourgeois, Raymond Clifford, B.A. (Bowdorn College), Ph.D. (Indiana). American. 194, Nesmith 
Street, Lowell, Massachusetts, U.S.A. Research Chemist with Monsanto Chemical Company. 
Signed by: A. H. Markhart, A. Maggiolo, W. F. Symes. 

Buttimore, David. British. 46, Cavendish Gardens, Westcliff-on-Sea, Southend. Undergraduate at 
University College of the South-West, Exeter. Signed by: H. T. S. Britton, S. J. Gregg, J. S. 
Whitehurst. 

*Cobb, Malcolm Carnie, B.Sc. (Lond.). British. 26 Pinner Park Avenue, Harrow, Middlesex. Chemist 
with Kodak, Ltd. Signed by: E. G. Cowley, S. L. Bevan, J. W. Spence. 

Dickerman, Stuart Carlton, B.S. (Worcester Polytechnic), Ph.D. (New York). American. Department 
of Chemistry, New York University, University Heights, New York 53, N.Y., U.S.A. Assistant 
Professor of Chemistry. Signed by: K. Mieslow, H. M. Hellman, W. J. Brehm. 

Dowson, Arthur Gordon, M.A. and Ph.D. (Cantab.). British. 74 Lower Cippenham Lane, Slough, 
Bucks. Technical Department Manager, Baker Platinum Ltd. Signed by: B. Wilkinson, D. 
Stockdale, F. Hiller. 

Elks, Sydney Albert, M.A. (Oxon.), A.R.I.C. British. 99, Drayton Road, London, N.W.10. Research 
Chemist. Signed by: H. Irving, H. J. M. Bowen, R. F. Barrow. 

Facey, Francis Samuel. British. 39 Brigstock House, Coldharbour Lane, Camberwell, London, S.E.5. 
Student at Battersea Polytechnic. Signed by: F. R. Goss, J. E. Salmon, C. L. Arcus. 

*Ford, John Frederick, B.Sc. (Lond.). British. 42, Handsworth Road, Tottenham, London, N.17. 
Research Chemist with British Rubber Producer’s Research Association. Signed by: J. 1. Cunneen, 
L. Bateman, R. W. Saville. 

*Foster, Roy, B.A. (Oxon.). British. Wadham College, Oxford. Research Student. Signed by: 
D. L. Hammick, F. B. Strauss, W. G. Waters. 

Garmaise, David Lyon, B.Sc. and Ph.D. (McGill). Canadian. 375, Claremont Avenue, Westmount, 
P.Q., Canada. Chemical Research Worker at University College of Swansea. Signed by: K. W. 
Sykes, E. E. Ayling, C. W. Shoppee. 

*Gelfand, Samuel, B.S. (Yale). American. 606 West Ohio Street, Urbana, Illinois, U.S.A. Student 
at University of Illinois, Signed by: E. H. Mottus, N. W. Thomas, N. J. Leonard. 

*Gibson, Arthur David, B.Sc. (Lond.). British. 26 Bent Lane, Prestwich, Lancs. Industrial Chemist 
with Imperial Chemical Industries Ltd. (Dyestuffs Division), Manchester. Signed by: R. D. 
Langford, D. R. Penny, F. D. Hills. 

Gordon, Richard §., M.A. (Harvard). American. 26 Garden Street, Cambridge 38, Massachusetts, 
U.S.A. Research Chemist with Monsanto Chemical Company. Signed by: A. H. Markhart, A. 
Maggiolo, W. F. Symes. 

Halmann, Martin, M.Sc. and Ph.D. (Hebrew University, Jerusalem). Israel. Weizman Institute of 
Science, Rehovoth, Israel. Junior Chemist. Signed by: I. Dostrovsky, A. Yoffe, H. J. E. 
Loewenthal. 

*Hewgill, Frank Richmond, B.A. (Cantab.). British. 40, Burlington Street, Walkerville, South 
Australia. Senior Research Scholar at University of Adelaide. Signed by: F. L. Winzor, A. K. 

. Macbeth, W. G. P. Robertson. 

Inman, Eric Richard, B.Sc. (Leeds), A.R.I.C. British. Glenhurst, Newlay Lane, Horsforth, Leeds. 
Research Student at Leeds University. Signed by: C. S. Whewell, T. G. Carruthers, W. Bradley, 
A. T. Peters, H. E. Nursten. 

*Jarrett, Arthur Derek. British. 29, Belltrees Crescent, Paisley, Renfrewshire. Student at Glasgow 
University. Signed by: J. W. Cook, S. Horwood Tucker, J. A. Mair, J. Bell. 

*Jarvie, John Milton Shaw, M.Sc. (Sydney). Australian. Chemistry Department, Sydney University, 
N.S.W. Australia. Teaching Fellow. Signed by: T. Iredale, T. Dunn, H. C. Freeman. 

*Kemp, William. British. 107, Ladykirk Drive, Cardonald, Glasgow, S.W.2. Student at Glasgow 
University. Signed by: J. W. Cook, S. H. Tucker, J. A. Mair, J. Bell. 

McCloskey, Paul, B.Sc. (Lond.), A.R.I.C. British. The Frythe, Welwyn, Herts. Research Chemist 
with Imperial Chemical Industries Ltd. Signed by: J.S. Moffatt, T. P.C. Mulholland, J. MacMillan. 

*McCormick, Joan Elizabeth, B.A. and M.Sc. (T.C.D.), A.R.I.C. Irish. ‘‘ Brook Ville,”” Ardee Road, 
Dundalk, Eire. Research Student at Trinity College, Dublin. Signed by: J.C. P. Schwarz, D. H. 
Hayes, B. E. Cross, D. C. Pepper, E. R. Stuart. 

McLauchlin, Ian, B.Sc. (Lond.). British. 63, All Saints Avenue, Maidenhead, Berks. Industrial 
Research Chemist. Signed by: D. H. Hey, S. H. Harper, G. H. Williams. 

*Marley, Clement Geoffrey, B.Sc. (Lond.). British. Epworth House, Paulton, Bristol. Student. 
Signed by: J. V. Westwood, D. A. Andrews, W. Williams. 

*Muir, Alistair Crerar. British. 12, Marchwood Avenue, Bathgate, West Lothian. Student at 
Edinburgh University. Signed by: D. M. Wilson, E. L. Jones, M. Ritchie. 

Noll, Clifford Raymond, jun., A.B. (Brown University), M.S. (Illinois). American. Department of 
Biochemistry, University of Wisconsin, Madison 6, Wisconsin, U.S.A. Graduate Student. Signed 
by: G. M. Tener, F. S. Eberts, R. W. Newburgh. 

Oliver, William Haldane, M.Sc. (N.Z.). British. N.Z. College of Pharmacy, Box 6329, TE ARO 
Wellington, New Zealand. Principal at N.Z. College of Pharmacy. Signed by: J. K. Johannerson, 
S. N. Slater, W. S. Metcalf. 

Owen, Bernard David, B.Sc. (Manc.). British. 38 Manor Road, Lea Valley, Wheathampstead, Herts 
Research Analyst with the Murphy Chemical Co. Ltd. Signed by: J. L. Walpole, M. Pianka, D. 
Anderson. 
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Parson, Alfred Lauck, M.A. (Oxon.). British. Hill Croft (Allenby), Mowbray Road, Maryport, 
Cumberland. Research Worker. Signed by: H. Hartley, A. F. Walden, W. A. Akers. 

Peters, Edward Alan, B.Sc. (Manc.). British. Officers’ Mess, Royal Air Force, Wilmslow, Cheshire. 
Education Officer. Signed by: G. R. Barker, G. N. Burkhardt, T. G. Halsall. 

*Powell, John Roy, B.Sc. (Lond.). British. 468, Chessington Road, West Ewell, Surrey. 
Student at Royal Free Hospital School of Medicine. Signed by: F. Gintz, E. G. E 
Kurzer. 

Price, David Watkin, B.Sc. (Wales). British. 81, Hewlett Road, Cheltenham, Glos. 
National Coal Board. Signed by: P. F. M. Paul, A. F. Williams, R. Barley. 

Rembaum, Aba, B.Sc. (Lyon). British. Flat 1, 4, Moorland Road, Didsbury, Manchester. 
Chemist. Signed by: H.M. E. Steiner, K. F. Coles, S. R. Landauer. 

Schéning, Gerhard. German. 61, Union Street, Pretoria, South Africa. Analytical Chemist. 
by: P. C. Carman, D. A. Sutton, D. H. S. Horn. 

Steggles, Harry William, B.Sc. (Lond.). British. Florida, Branksome Avenue, Stanford-le-Hope, 
Essex. Schoolteacher at Palmer’s Boys’ School, Grays. Signed by: D. A. Andrews, H. Williams, 
A. J. Lindsey 

Stern, Eric W., B.S. (Syracuse). American. 1127 Grant Street Evanston, Illinois, U.S.A. Student 
at Northwestern University. Signed by: L. Bauer, Q. R. Petersen, H. L. Dryden. 

*Tate, Donald. British. 193 Uplands Road, Birmingham 21. Technical Assistant at Birmingham 
University. Signed by: J.C. Tatlow, M. Stacey, F. Shafizadeh. 

Truelove, Richard King. British. 1, The Crescent, Ripon, Yorkshire. Assistant Chemist. 
A. Woodmansey, F. Perkins, W. Huggett. 

*West, Robert C., jun., B.A. (Cornell). A.M. (Harvard). American. 43, Symphony Road, Boston 15, 


Massachusetts, U.S.A. Studentat Harvard University. Signed by: H.M.Culbertson, A. Maggiolo, 
W. F. Symes. 


Research 
. Hawkins, F. 


Scientist with the 
Research 


Signed 


Signed by: 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD, 


Aebi, Albert, Dr.phil. (Basel). Swiss. 56 Cartwright Gardens, London, W.C.1. Research Worker. 
Signed by: D. H. R. Barton. 

Bhattacharjee, Bhupesh Chandros, B.Sc. (Calcutta), A.R.I.C. 192/1 Rashbehari Avenue, Calcutta 29, 
India. Service. Signed by: R. Bhattacharya. 

Biggs, Arthur Ian, M.Sc. (New Zealand), A.R.I.C. British. Department of Chemistry, Brickfields 


Road, Kuala Lumpur, Malaya. Analytical Chemist. Signed by: R.A. Robinson. 

Cohen, Alvin Jerome, B.S. (Florida), Ph.D. (Illinois). American. 1603 Michelson Laboratory, China 
Lake, California, U.S.A. Chemist at the U.S. Naval Ordnance Test Station. Signed by: L. 
Pauling. 

Fischer, Ernst, M.Sc. (Hebrew University, Jerusalem). Israel. The Weizmann Institute of Science, 
Rehovoth, Israel. Research Assistant. Signed by: R. Pappo, H. J. E. Loewenthal. 

Heath, Neil Stewart, M.Sc.(Melbourne). Australian. Department of Mining, Metallurgical and Chemical 
Engineering, The University, Adelaide, S. Australia. Scientific Officer, Department of Supply. 
Signed by: E. C. R. Spooner. 

*Henry, Ronald James Montague, B.Sc. (Mass. Inst. Tech.). British. 295 Harvard Street, Cambridge, 
Massachusetts, U.S.A. Research Chemist. Signed by: M. Green. 

Hill, Robert William, B.A. (Augustana College). American. 260A Noyes Laboratory, University of 
Illinois, Urbana, Illinois, U.S.A. Student. Signed by: J. K. Williams. 

Kronenthal, Richard L., B.S. (Brooklyn College). American. 1505 Grand Concourse, New York 52, 
New York, U.S.A. Research Fellow at the Polytechnic Institute of Brooklyn. Signed by: E. I. 
Becker. 

Lorz, Emil, M.S. (Fordham). American. Wellcome Research Laboratories, Tuckahoe 7, New York, 
U.S.A. Organic Research Chemist. Signed by: P. B. Russell. 

Ludmila, Jaroslav, D.Sc.Tech. (Prague). Czech. 41 V Holesovickach, Prague 8, Czechoslovakia. 
Research Chemist at the Institute of Research and Exploitation of Fuel. Signed by: F. Sorm. 
Meisels, Alex, Dr.Sc.Tech. (Zurich). Swiss. Weizmann Institute of Science, Rehovoth, Israel. 

Scientific Collaborator. Signed by: R. Pappo, H. J. S. Loewenthal. 

Mukherji, Sailendra Mohan, D.Sc. (Calcutta), Ph.D. (Birmingham). Indian. Chemistry Department, 
Panjab University College, Hoshiarpur, East Panjab, India. Professor of Chemistry. Signed by: 
J. C. Ghosh. 

*Searby, Michael Henry. British. 20, Fairlie Court, South Yarra, S.E.1. 
Australia. Student. Signed by: K. H. Pausacker. 

Sixma, Frederick L. J. Ph.D. (Amsterdam). Dutch. Erik de Roodestraat 5 Amsterdam, Holland. 
Lecturer at University of Amsterdam. Signed by: J. P. Wibaut, H. C. Beyerman. 

Standaert, Antoine Francois Edmond. Belgian. Rue Sainte-Catherine 6, Bruges, Belgium. Chemist 
at St. John’s Hospital, Bruges. Signed by: R. Coussens. 

Showell, John Sheldon, M.S. (Calif.) Ph.D. (Minnesota). American. Department of Chemistry, Uni- 


versity of Illinois, Urbana, Illinois, U.S.A. Fellow at University of Illinois. Signed by: D. Y. 
Curtin. 


Melbourne, Victoria, 





Szabo, Ladislas, D.és.Sc. (Paris). French. 16, Rue P. Brossolette, Verriéres-le-Buisson, Scine & Oise, 
France. Research Worker. Signed by: J. Trefouel. 

Uzman, Lahut, M.D. (Harvard). Turkish. The Children’s Medical Centre, 35, Binney Street, Boston, 
Massachusetts, U.S.A. Instructor of Pathology. Signed by: E. R. Blout. 

*White, John Lawson. British. 15, Coppin Street, East Malvern, S.E.5, Melbourne, Victoria, Australia. 
Metallurgical Trainee. Signed by: P. Beckmann. 


* Reduced Annual Subscription. 





PAPERS RECEIVED 
(List of papers received between May 17th and June 23rd, 1952). 


‘ The isolation of novacine, an alkaloid from Strychnos nux-vomica L., and its identific- 
ation as N-methyl-sec.-pseudobrucine.”’ By W. F. Martin, H. R. BENTLEY, J. A. 
Henry, and F. S. SPRING. 

‘The chemistry of the Mttragyna genus. Part III. Synthesis of a degradation product 
of mitragynine.”” By J. W. Cook, J. D. Loupon, and P. McCLoskeEy. 

‘The chemistry of the Mitragyna genus. Part IV. Derivatives of harman.”’ By G. 
Doic, J. D. Loupon, and P. McCLosKEy. 

‘4-Methyl 8-methylglucoside and some further derivatives of 8-methylglucoside.”” By 
D. I. McGitvray. 

‘‘ Glycosylamine derivatives. Part I. Sulphanilamide derivatives.’’ By REzsO BoGNAR 
and PAL NANASI. 

‘Glycosylamine derivatives. Part II. p-Aminosalicylic acid derivatives.’’ By REzsé 
BoGnAr and PAL NANAslI. 

‘‘ The thermal oxidation of hydrazine vapour.’”’ By W. I. H. WINNING. 

‘Synthesis in the santonin series. Part I. Some oxidation products of «-(2-keto-4- 
methylcyclohexyl)propionic acid.’’ By G. R. CLEMo and F. J. McQUILLIN. 

‘Synthesis in the santonin series. Part II.’’ By G. R. Clemo and F. J. McQUILLIN. 

‘‘ 4-Chloro-2-iodophenoxyacetic acid labelled with J.” By R. L. Jones. 


‘ Alicyclic glycols. Part VI. Derivatives of cyclopentane-1 : 2-diol.’”” By L. N. Owen 
and PETER N. SMITH. 
‘Alicyclic glycols. Part VII. cycloPentane-1 : 3-diol. Anionotropic rearrangement in 


” 


some reactions of 1 : 4-dibromocyclopent-2-ene.’” By L. N. OWEN and PETER N. SMITH. 

‘ The resolution and reactions of 1 : 2: 3: 4-tetrahydro-l-naphthol. A new preparation of 
1: 2:3:4+tetrahydro-l-naphthyl hydroperoxide.”” By A. G. Davies and A. M. 
WHITE. 

‘Interaction of naphthalene and maleic anhydride through the agency of aluminium 
chloride.’’ By G. BADDELEY, G. Hott, S. M. MAKaR, and (Miss) M. G. Ivinson. 

‘ Aromatic sulphonation. Part III. Correlation of the velocity of sulphonation with the 
J-function of sulphuric acid.”” By J. C. D. BRAND and W. C. HOoRNING. 

‘Aromatic sulphonation. Part IV. Isomeric ratios in the sulphonation of trimethyl- 
phenyl- and -f-tolyl-ammonium methyl sulphates.””’ By J. C. D. BRAND and A. 
RUTHERFORD. 

‘ The vapour pressure of the system sulphuric acid-disulphuric acid.” By J. C. D. BRAND 
and A. RUTHERFORD. 

‘Triterpenoids. Part VIII. Some derivatives of siaresinolic acid.’”” By D. H. R. 
Barton, N. J. HoLness, K. H. OVERTON, and W. J. ROSENFELDER. 

‘ Studies in the azole series. Part XXXIII. The interaction of «-amino-nitriles and alky] 
or aryl isocyanates.’’ By A. H. Cook and G. D. HuNTER. 

‘ Structural chemistry of the alkoxides. Part II. Tertiary alkoxides of silicon, titanium, 
zirconium, and hafnium.’’ By D. C. BRADLEY, R. C. MEHROTRA, and W. WARDLAW. 

‘Deoxy-sugars. Part XXIV. Conversion of pD-glucal into furan derivatives.’ By 
F, SHAFIZADEH and M. STACEY. 

‘ The effect of oxygen on the decomposition of benzoyl peroxide.’’ By H. Monk and 
C. F. S. TIPPER. 
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“The separation of the lanthanons with the aid of ethylenediaminetetra-acetic acid 
(““enta acid’’). Part IV. Sodium lanthanon sulphate precipitation from sodium 
lanthanon enta solution.”” By J. K. MARsH. 

‘Inorganic chromatography on cellulose. Part XIII. The quantitative determination 
of tantalum and niobium in low-grade phosphatic and siliceous ores.” By R. A. 
MERCER and A. F. WILLIAMs. 

‘‘ Some reactions of 3-methylcyclopent-2-enone.’’ By R. M. ACHESON. 

‘ The reaction of diazonium salts with amines. Part I.’’ By S. KruGER. 

‘ The reaction of diazonium salts with amines. Part II.’’ By S. KRuGER. 

‘‘ The bromination product of acridone.’’ By S. KRUGER. 

‘The thermal decomposition of cyclohexenyl hydroperoxide in hydrocarbon solvents.”’ 
By L. BATEMAN and (Mrs.) HILDA HUGHEs. 

‘The constitution of xylopic acid. Part I.’ By Hussein A. FAnm™ and IBRAHIM R. 
SHIMI. 

‘““ Condensation products of phenols and ketones. Part IX. Dimerides of 4-chloro- and 
4-bromo-2-isopropenylphenol.’’” By WILsoN BAKER, D. F. Downrne, A. E. HEewitt- 
SYMONDS, and J. F. W. McOmIE. 

“cycloPropanes. Part I. The malonate condensation with 1 : 4-dibromobut-2-ene. 
A convenient new route to vinylcyclopropane derivatives.’’ By R. W. KIERSTEAD, 
R. P. LINSTEAD, and B. C. L. WEEDON. 

“cycloPropanes. Part II. The addition of ethyl sodiomalonate to ethyl cyclopropane- 
1 : 1-dicarboxylate and its 2-vinyl derivative.’’ By R. W. KreRsTEAD, R. P. LinstEAp, 
and B. C. L. WEEDON. 

‘Anedic syntheses. Part VI. Chain extension of fatty acids by an isoprene unit.”’ 
By R. P. Linsteap, J. C. Lunt, B. C. L. WEEDON and (in part) B. R. SHEPHARD. 
‘Anodic syntheses. Part VII. Electrolyses of mono-, di-, and tri-phenylacetic 
acids in non-aqueous solutions.’”” By R. P. LinstEAp, B. R. SHEPHARD, and 

B. C. L. WEEDON. 

‘‘ Studies in the polyene series. Part XLIV. The preparation of oct-4-ene-2 : 7-dione and 
octa-3 : 5-diene-2 : 7-dione. Intermediates for the synthesis of carotenoids. The 
anionotropic rearrangement of some hexa-2: 5-diene-1 : 4-diols.”” By R. AHMAD, 
F, SONDHEIMER, B. C. L. WEEDON, and R. J. Woops. 

‘ Pteridine studies. Part III. The solubility, and the stability to hydrolysis, ot pterid- 
ines.” By ADRIEN ALBERT, D. J. BRown, and GORDON CHEESEMAN. 

‘“‘ Polymethine dyes from 4 : 5-disubstituted thiazoles.’’ By Epwarp B. Knott. 

“The inhibitory effects of mercury and of hydrogen in the gas-phase oxidation of n- 
hexane.’’ By N. J. H. SMALL and A. R. UBBELOHDE. 

‘“ Some complex organic salts of stannous tin.’’ By E. H. BAKER and F. C. ToMPKINs. 

The dissociation constants of the alkaline-earth salts of some monocarboxylic acids.”’ 
By C. A. COLMAN-PoRTER and C. B. Monk. 

‘Purpurgallin. Part X. Further studies on the oxidation products of purpurogallin and 
purpurogallincarboxylic acid.’”” By W. D. Crow, R. D. Hawortn, and P. R. 
JEFFERIES. 

‘Mannich bases of acylaminomalonates, and a synthesis of DL-aspartic acid.’’ By R. O. 
ATKINSON. 

Acylarylnitrosamines. Part VI. The rearrangement, decomposition, and deacylation 
of acylarylnitrosamines.”” By D. H. Hey, J. STUART-WeEBB, and GARETH H. 
WILLIAMS. 

‘A study of diazo-compounds by use of nitrogen isotopes. The reduction of mixed 
diazonium salts of anthranilic acid and aniline.’’ By P. F. Hoxt and (Mrs.) B. I. 
Hopson-HIL. 

“The chemistry of Western Australian plants. Part VI. The occurrence of betulic, 
oleanolic, and ursolic acids.’”” By J. R. ANsTEE, H. R. ArtHurR, A. L. BECKwITH, 
D. K. DouGALL, P. R. JEFFERIES, M. MICHAEL, J. C. WATKINS, and D. E. WHITE. 

“‘ Potential pituitary inhibitors in the polyarylethylene series.” By Nc. D. Xvonc and 
No. Pu. Buv-Hoi. 
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‘‘ The potassium thorium fluorides.”” By W. J. AsKER, E. R. SeGnit, and A. W. WYLIE. 

‘““ Some physical properties of uranium hexafluoride.’’ By D. R. Llewellyn. 

‘“ The electronic orbitals, shapes, and spectra of polyatomic molecules. Part VI. H,AB 
molecules.”” By A. D. WALSH. , 

‘“‘ The electronic orbitals, shapes, and spectra of polyatomic molecules, Part VII. Pent- 
atomic molecules : CH,I.’’ By A. D. WALSH. 

‘‘ The electronic orbitals, shapes, and spectra of polyatomic molecules. Part VIII. Hex- 
atomic molecules : ethylene.’”’ By A. D. WALSH. 

‘* The electronic orbitals, shapes, and spectra of polyatomic molecules. Part IX. Further 
remarks on formaldehyde.’’ By A. D. WALSH. 

‘The electronic orbitals, shapes, and spectra of polyatomic molecules. Part X. A 
note on the spectrum of benzene.”’ By A. D. WALSH. 

‘‘ The kinetics and mechanisms of nucleophilic displacements in allylic systems. Part III. 
The reaction of 3:3: 3-trichloro-2-methylprop-l-ene with nucleophilic reagents.”’ 
By P. B. D. DE LA MARE and C. A. VERNON. 

‘‘ Oxazole cyanine and merocyanine dyes and intermediates.’ By R. A. JEFFREYS. 

‘“‘ Infra-red spectrum of crystalline potassium perchlorate. Re-assignment of the lower 
fundamental frequencies of the perchlorate ion.”’ By (the late) Henry Cohn. 

‘Formation of tyrosine melanin. Part IV. The use of carboxyl-labelled tyrosine and 

dihydroxyphenylalanine in melanin formation.’’ By G. R. CLEmo, F. K. DuxsBury, and 

G. A. SWAN. 

‘‘ The detection of deoxy-sugars, glycals, and methylpentoses in paper partition chromato- 
graphy.’’ By J. T. E>DwARD and DEIRDRE M. WALDRON. 


‘* Studies in the 4-hydroxynaphthoate series. Part I. A synthesis of 4-hydroxynaphthoic 
acid and its simple esters.’’ By G. W. K. CAviLt and J. R. TETAz. 

‘The constitution of mesquite gum. Part IV. Determination of the structure of the 
amide of 6-(4-methyl §-D-glucopyruronosyl) methyl-«-pD-galactopyranoside.’’ By 
M. ABDEL AKHER, F. SmiTH, and D. SPRIESTERSBACH. 

‘‘ The absorption spectrum of an equimolecular mixture of azoxybenzene and hydrazo- 


” 


benzene.’’ By R. J. W. Le FEvre and (Miss) J. NoRTHCOTT. 

‘The reaction between aromatic compounds and derivatives of tertiary acids. Part VII. 
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W. Rogie Angus, M.A., D.Sc., Ph.D., F.R.I.C., Department of Chemistry, 
University College of North Wales, Bangor. 

D. O. Jordan, M.Sc., Ph.D., A.R.I.C., The University, University Park, 
Nottingham. 

H. M. N. H. Irving, M.A., D.Phil., 
Laboratory, South Parks Road, Oxford. 

M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.I.C., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 


H. T. Openshaw, M.A., D.Phil., Chemistry Department, United College, 
St. Andrews. 


Ltd., 


Ph.D., Chemistry Department, The University, 


Department of Chemistry, King’s 


F.R.LC., Inorganic Chemistry 


A. H. Lamberton, B.Sc., Ph.D., Chemistry Department, The University, 
Sheffield, 10. 


Professor W. Pugh, Ph.D., B.Sc., F.R.1.C., Chemistry Department, Univer- 
sity of Cape Town, Rondebosch, S. Africa. 


K. R. Webb, B.Sc., Ph.D., A.R.I.C., University College, Southampton. 


K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea. 
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SCIENTIFIC MEETINGS DURING OCTOBER, 1952 
LONDON. 
Thursday, October 16th, 1952, at 7.30 p.m. 


Tilden Lecture, The Stereochemistiy of eycloHexane Derivatives, by Dr. D. H. R. 
Barton, A.R.C.S., F.R.1.C. 


ABERDEEN. 
Friday, October 24th, 1952, at 7.30 p.m. 


Lecture, Application of Spectroscopy to Chemical Problems, by Dr. W. C. Price, 
F.R.I.C. Joint meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry, to be held in the Robert Gordon’s Technical College. 


BIRMINGHAM. 
Friday, October 24th, 1952, at 4.30 p.m. 


Lecture, Studies in the Chemotherapy of Tuberculosis, by Dr. V. C. Barry, F.R.L.C. 
Joint meeting with the University Chemical Society to be held in the Chemistry 
Lecture Theatre, The University, Edgbaston. 


BRISTOL. 


Wednesday, October \st, 1952, at 7.15 p.m. 


Lecture, Synthetic Fibres, by Mr. B. T. Ridge. Joint meeting with the Royal 
Institute of Chemistry, the Society of Chemical Industry, and the Plastics 
Institute, to be held at the Premier Hall, Stroud. 


Thursday, October 2nd, 1952, at 7 p.m. 


Lecture, Some Metallurgical Problems imposed by Stratosphere Flight, by Major P. L. 
Teed. Joint meeting with the Royal Institute of Chemistry, the Society of 
Chemical Industry, and the Institute of Metals, to be held in the Chemistry 
Department, The University. 


Thursday, October 30th, 1952, at 7 p.m. 


Lecture, The Work of the Food Investigation Board, by Dr. Franklin Kidd (to be 
read by Dr. E. C. Bate-Smith). Joint meeting with the Royal Institute of 
Chemistry and the Society of Chemical Industry, to be held in the Chemistry 
Department, The University. 





EXETER. 
Friday, October 24th, 1952, at 5.0 p.m. 
Lecture, Some Unusual Applications of Surface-active Agents, by Mr. J. L. Moillett. 
Joint meeting with the Society of Chemical Industry to be held in the Washing- 
ton Singer Laboratories, Prince of Wales Road. 


Friday, October 31st, 1952, at 5.0 p.m. 
Lecture, The Bactereostatic Properties of Heterocyclic Compounds, by Dr. A. Albert, 
F.R.I.C. To be given in the Washington Singer Laboratories, Prince of Wales 


Road. 


GLASGOW. 


Friday, October 24th, 1952, at 3.30 p.m. 


Lecture, Substitution at an Aromatic Carbon Atom, by Professor D. H. Hey, D.Sc., 
F.R.LC. Joint meeting with the Alchemist’s Club and the Andersonian 


Chemical Society, to be held at the Royal Technical College. 


HULL. 


Thursday, October 30th, 1952, at 6 p.m. 


Lecture, Recent Progress in the Mechanism of Synthesis of High Polymers, by 
Professor H. W. Melville, D.Sc., F.R.S. Joint meeting with the University 
College Scientific Society to be held at the University College. 


IRISH REPUBLIC. 
Wednesday, October 22nd, 1952, at 7.45 p.m. 
Lecture, Physical Chemical Methods in Sugar Industry Laboratories, by Mr. R. J. P. 


Carolan, M.Sc., F.L.C.I. Joint meeting with the Institute of Chemistry of 


Ireland to be held in the University College, Upper Merrion Street, Dublin. 


LEEDS. 
Tuesday, October 28th, 1952, at 6.30 p.m. 
Royal Institute of Chemistry Lecture, Detergent Action, by Professor N. K. Adam, 
Sc.D., F.R.S. To be given in the Department of Chemistry, The University. 
(All Fellows are invited.) 


MANCHESTER. 
Thursday, October 23rd, 1952, at 6.30 p.m. 

Lecture, Derivatives of Phenols—Some Problems of Structure, Stereochemistry, and 
Crystal Complex Formation, by Professor Wilson Baker, D.Sc., F.R.S. Joint 
meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry, to be held in the Chemistry Lecture Theatre, The University. 


NEWCASTLE AND DURHAM. 
Friday, October 24th, 1952, at 4 p.m. 


Meeting for the reading of original papers. 
King’s College, Newcastle-on-Tyne. 


To be held in the Chemistry Building, 





Thursday, October 30th, 1952, at 7.45 p.m. 


Lecture, The Comparative Chemistry of Carbon and Silicon, by Professor E. D. Hughes, 
D.Sc., F.R.S. Joint meeting with the Royal Institute of Chemistry and the 
Society of Chemical Industry, to be held in the Science Building, South Road, 
Durham. 


NORTHERN IRELAND. 
Tuesday, October 7th, 1952, at 7.15 p.m. 


Lecture, The Winning and Utilization of Peat, by Mr. A. J. Howard, M.A., F.R.LC. 
Joint meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry, to be held in the Department of Agricultural Chemistry, Queen’s 
University, Belfast. 


NORTH WALES. 
Thursday, October 23rd, 1952, at 5.45 p.m. 


Lecture, Humour and Humanism in Chemistry, by Professor John Read, Sc.D., F.R.S. 
Joint meeting with the University College Chemical Society to be held in the 
Department of Chemistry, University College of North Wales, Bangor. 


NOTTINGHAM. 
Thursday, October 23rd, 1952, at 4.45 p.m. 

Lecture, The Molecular-orbital Theory of Organic Chemistry, by Professor M. J. S. 
Dewar, M.A., D.Phil. Joint meeting with the University Chemical Society 
to be held at the University. 

OXFORD. 
Monday, October 27th, 1952, at 8.15 p.m: 

Alembic Club Lecture, Careinogenesis, by Professor Alexander Haddow, M.D., D.Sc. 
To be given in the Physical Chemistry Laboratory, South Parks Road. (All 
Fellows are invited.) 

ST. ANDREWS AND DUNDEE. 
Friday, October 17th, 1952, at 5.15 p.m. 


Lecture, Alchemy and Art, by Professor John Read, Sc.D., F.R.S. Joint 
meeting with St. Andrews University Chemical Society to be held in the 
Chemistry Department, United College, St. Andrews. 


Friday, October 17th, 1952, at 7 p.m. 


Royal Institute of Chemistry Lecture, Biosynthetic Pathways, by Professor J. N. 
Davidson, D.Sc., M.D. To be given in the Chemistry Department, University 
College, Dundee. (All Fellows are invited.) 


Thursday, October 23rd, 1952, at 5.15 p.m. 


Lecture, Substitution Reactions at an Aromatic Carbon Atom, by Professor D. H. 
Hey, D.Sc., F.R.I.C. To be given in the Chemistry Department, University 
College, Dundee. Arranged by the Chemistry Department. (All Fellows are 
invited.) 
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Friday, October 31st, 1952, at 5.15 p.m. 


Lecture, Some Organic Compounds of Sulphur of Natural Occurrence, by Professor 
F, Challenger, D.Sc., F.R.I.C. Joint meeting with St. Andrews University 
Chemical Society to be held in the Chemistry Department, United College, 
St. Andrews. 


SOUTHAMPTON. 
Friday, October 24th, 1952, at 5 p.m. 


Lecture, Atoms in Cages, by Mr. H. M. Powell, M.A., B.Sc. Joint meeting with the 
University Chemical Society to be held in the New Chemistry Building, The 
University. 


SOUTH WALES. 
Monday, October 20th, 1952, at 5.30 p.m. 


Lecture, Some Recent Developments in Free-radical Chemistry, by Dr. W. A. 
Waters, M.A., F.R.L.C. To be given in the Chemistry Department, University 
College, Cardiff. 


Friday, October 31st, 1952, at 5.30 p.m. 
Lecture, Chemical Research at Harwell, by Dr. R. Spence. Joint meeting with the 
University College Chemical Society and the Royal Institute of Chemistry to be 
held in the Chemistry Department, University College, Swansea. 





OFFICIAL ANNOUNCEMENTS 


DEATHS. 


The Council regrets to announce the deaths of the following : 


Honorary Fellow 


Elected. 
Arthur Becket Lamb (Cambridge, Mass.) Aug. 16th, 1951. 


Fellows 


James Will.am Anderson (South Shields) Dec. 
Joseph Brierley (Manchester) 
Frank Collingridge (Llanelly) Dec. 2nd, 1897. 
Henry Norris Davidge (Bognor Regis) May 6th, 1897. 
Otto Heinz Gellner (London, S.W.7) Aug. 2Ist, 1947. 
George Lewis Hammond (Croydon) 
Sir James Colquhoun Irvine (St. hades (C. 
ia TRS SA EIS TELS hee 
John Charles James (Glasgow) 
Chitsukhlal Hiralal Nanavati (Bombay 7) 
James William Porteous (Bishop Auckland) 


ith, 1899. 


Dec. 3rd, 1908. 


Dec. 3rd, 1925. 
Dec. 4th, 1917. 


April 21st, 1898. 


April 24th, 1941. 


March 7th, 1946. 


Died. 
May 15th, 1952. 


July 3rd, 1952. 
Dec. 6th, 1947. 
April 30th, 1952. 
March 10th, 1951. 
Jan. 15th, 1952. 
June 13th, 1952. 


June 12th, 1952. 
July 9th, 1952. 
May 30th, 1951 
July 4th, 1952. 


CORRECTION. 


In the Proceedings for July, 1952, the death of Barbara Evelyn Halcrow was incorrectly 


reported. The Council regrets any inconvenience that may have been caused by this 
mistake. 


ANNUAL SUBSCRIPTION. 


At the Extraordinary General Meeting held on July 17th an increase in the rate of the 
annual subscription from £3 10s. to {4 10s. was approved. A full report of the meeting 
will appear in the Journal for September, 1952. The reasons for this increase have already 
been explained to Fellows in a communication circulated in July, 1952. The allowance 
of publications for Fellows paying the full annual subscription will remain unchanged at 
£3, and the following schedule prices have been approved by the Council for 1953 : 


£ 
Journal 3 
Annual Reports on the Progress of Chemistry 
Quarterly Reviews 
Reprints of Lectures 
Abstracts AI 
Abstracts AIT 
Abstracts AIIT 
Index of Abstracts A, B, and C, combined 
Abstracts AI (printed on one side of the paper) 
Abstracts AII (printed on one side of the paper) 
Abstracts AIII (printed on one side of the paper) 
Abstracts C 


d. 


oe? 
—) 


| 


— 
Qoaaoonn 


~e 
~ 


— 


wie to toe 


—_ 
~ 
~ 


o 


n 


No change will be made in the reduced rate of subscription, and this may now be paid 


by Fellows up to the age of 27 years. Such Fellows will, in future, receive the Annual 
Reports, Quarterly Reviews, and Proceedings, without application, and may purchase 
additional publications at the schedule price. 
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LIFE COMPOSITION FEES. 


The following scale of Life Composition Fees has been approved by the Council. 


Age. Fee. 
25—29 . : . . £105 
30—34 . ‘ ; - 100 
35—39 . . 3 . 95 
40—144. : ‘ ‘ 90 
45—48. , , ; 85 
49—52 . ; . . 80 
53—56 tj. . ‘ ‘ 75 
57—59_ .. ‘ ‘ . 
60—62. . ‘ ° ‘ 65 
63—65 . . , . 60 
66—68 . , : : 55 
69 upwards . ‘ ; Va 


ACKNOWLEDGMENTS. 


Acknowledgment is made of gifts of the Society’s publications from Mr. V. Strauss, 
Mr. H. J. Watson, and the Institute of Seaweed Research, and of two cards, on which Paul 
Ehrlich wrote suggestions for the day’s work to his assistants, presented by Dr. E. B. Knott. 
The thanks of Council have also been conveyed to Dr. S. Horwood Tucker for a donation 
to the Society’s funds. 


MEMBERS OF COUNCIL—CONSTITUENCY I. 


Dr. S. H. Harper has been co-opted under Bye-Law 42 as a Member of Council for Con- 
stituency I in place of Dr. H. N. Rydon, who resigned on August 11th, 1952, on leaving the 
area of the Constituency. 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by the 
Council, are informed that reports must be received by the Society not later than November 
Ist, 1952. 

Applications for grants, to be made on forms obtainable from the General Secretary, 
must be received on or before November 15th, 1952. Applications from Fellows will receive 
prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
organic and metallurgical chemistry, and that the income from the Perkin Memorial Fund 
is to be applied to investigations relating to problems connected with the coal-tar and allied 
industries. 


ELECTION OF NEW FELLOWS. 
The following 54 Candidates were elected Fellows of the Society on July 17th, 1952: 


Maleka Aleem. Leonard J. Friedman. 
Kamal Naquib Ayad. Andrew William Frigyes. 
Alan James Badby. William Herbert Garrett. 
Gwyn Benson. Roy William Glazebrook. 
Bernard Beau Brown. Gordon Gough. 

David John Collins. John Robert Hall. 
Alfred Geoffrey Coltas. William George Hanger. 
Leslie Davies. Chester Arthur Hargreaves. 
June Elspeth Murray Deacon. Harry Brereton Heath. 
John Hanhart Doull. Milton David Heller. 
Richard Dobson Easton. Paul Edwin Hoch. 
Gerald David Fasman. Edward Alfred Johnson. 
George William Finch. Victor Colin Johnston. 
Alfred Fischer. Marc Yves Julia. 





George Thomas Kelly. Alan Jeffery Neale. 
Stanley King. Thomas D. Nevitt. 
Eduard Cornelis Kooyman. Albert James Page. 
Vazir Ahmed Kureshy. Wilfrid Thomas Roberts. 
Paul Laffitte. Peter Struan Robertson. 
Arnold John Lowe. Paul Richard Shafer. 
Geoffrey Ernest Macdonnell. John C. Sheehan. 

James Herbert Evan Marshall. Edgar Josef Smutny. 
Kenneth Vincent Martin. George Henry Ralph Summers. 
Robert John Mesley. David John Tivey., 
Alfred David Miller. Carl Joseph Verbanic. 
Brian Mills. John Owen Warwicker. 
Joan Mitchell. William North White. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for August, 1952. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


*Adams, Richard James, British. 9, Lilburne Road, Eltham, S.E.9. Assistant Experimental Officer 
(Chemist) at Royal Arsenal, Woolwich. Signed by: A. J. Lindsey, D. W. Wilson, R. L. Cooper. 

*Baber, John Granville, B.Sc. (Manc.), A.R.I.C. British. 43, Tomlin Avenue, Mirehouse, Whitehaven, 
Cumberland. Assistant Experimental Officer at Windscale Works, Sellafield. Signed by* H. 
Gregson, G. A. Welch, J. K. Foreman. 

Bevington, Christopher Frederic Peter, B.Sc. (Lond.), A.R.C.S. British. 10, Victoria Walk, Cotham, 
Bristol 6. Research Chemist at Imperial Smelting Corporation Ltd., Avonmouth. Signed by: 
A. K. Barbour, R. E. Coulson, G. Lederer. 

*Blackman, John Gary, B.Sc. (New Zealand). British. 21, Marquis Street, Dunedin, N.E.1., New 
Zealand. Student. Signed by: F.G. Soper, W.S. Fyfe, G. A. Bottomley. 

*Blau, Joseph Asher. British. 47, Montague Road, Dalston, E.8. Student at Northern Polytechnic. 
Signed by: W. A. Smeaton, C. G. Smith, I. L. Finar. 

Blauer, Gideon, M.Sc. and Ph.D. (Hebrew University Jerusalem). Israeli. The Weizmann Institute 
of Science, Rehovoth, Israel. Research. Signed by: A. Yoffe, D. H. Samuel, I. Dostrovsky. 
*Briggs, Clifford. British. 33, Widdicombe Way, Bevendean, Brighton 7. Student at Brighton 

Technical College. Signed by: D. P. Veitch, R. J. Christmas, N. H. Pratt. 

Caldin, Edward Francis Hussey, M.A. and D.Phil. (Oxon). British. 5, Claremont Drive, Leeds 6. 
Lecturer at Leeds University. Signed by: N.H. Hartshorne, R. S. Bradley, P. A. Briscoe. 

*Castle, Walter Francis, B.Sc. (Lond.), A.R.I.C. British. 93, Denzil Road, Willesden, N.W.10. 
Assistant Chemist at British Oxygen Co. Ltd., North Wembley. Signed by: R. C. Rogers, W 
Davey, T. E. Green. 

*Clarke, Geoffrey Gordon, B.Sc. (Bris.). British. 8, Singer’s Knoll, Frome, Somerset. Student at 
Bristol University. Signed by: F. H. Pollard, W. Baker, W. D. Ollis. 

*Coates, John Hewlett. British. Schoolhouse, Ringstead, Kettering. Student at Nottingham Uni- 
versity. Signed by: D. O. Jordan, J. C. Roberts, T. J. King. 

Cropper, Dennis Michael. British. Lee Cross, Diggle, Nr. Oldham, Lancs. Works Manager, Henry 
Smith & Co. Ltd., and Director, Malcolm Rubber Co. Ltd. Signed by: M. Barak, A. Ormrod, J. M. 
Faulds. 

*David, Ievan, B.Sc. and Ph.D. (Lond.), A.R.C.S., D.1.C., A.R.LC. British. Department of Chemistry, 
Imperial College of Science and Technology, London, S.W.7. Lecturer in Inorganic Chemistry. 
Signed by: B. Atkinson, G. J. Hills, J. F. Heringshaw. 

*Davidson, Stephen, B.Sc. (Aberd.), A.R.I.C. British. 22, Craigievar Crescent, Kairnhill South, 
Aberdeen. Research Student at Aberdeen University. Signed by: R. H. Thomson, J. M. C 
Thompson, R. B. Strathdee. 

*Gould, Ralph Cecil. British. 18 Allington Road, Hendon, N.W.4. Assistant Chemist at Parke 
Davis Research Laboratory. Signed by: D.S. Morris, E. N. Morgan, J. Davoll. 

*Greenburgh, Edna Patricia. British. 25, St. Barnabas Road, Cambridge. Assistant Analytical 
Chemist. Signed by: W.H. Simmons, E. Voelcker, S. Greenburgh. 

*Gutt, Witold Henryk. Polish. 13, Wellesley Court, Maida Vale, W.9. Chemistry Student. Signed 
by: E. G. Cowley, J. W. Spence, J. C. Dunbar. 

*Hart, Frank Alan. British. 69, Beverley Crescent, Bedford. Undergraduate at Cambridge University. 
Signed by: J. Chatt, R. G. Wilkins, G. A. Gamlen. 

*Heath, Gerald Arthur, B.Sc. (Birm.). British. 56, Marlborough Road, Nuneaton, Warwicks. Re- 
search Student at Birmingham University. Signed by: J. Sheridan, L. F. Thomas, H. Baum. 
Hodgson, William Hunt, B.Sc. (Dunelm). British. 20A, High Street, Downham Market, Norfolk. 

Assistant Works Chemist. Signed by: G. A. Swan, F. K. Duxbury, E. E. Aynsley. 

*Hope, Alexander James Napier, B.Sc. (Glasgow). British. 23, Gogo Street, Largs, Ayrshire. Research 

Student. Signed by: J. Bell, N. Grassie, J. Veitch 
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Huggins, Sylvia, B.Sc. (Lond.). British. Monsanto Chemicals Ltd., Fulmer Hall, Fulmer, Nr. Slough, — 
Bucks. Librarian. Signed by: Margaret Harte, E. B. McCall, B. H. Farnworth. 

Hush, Noel Sydney, M.Sc. (Sydney). British. Department of Chemistry, The University, Manchester. 
Assistant Lecturer in Chemistry. Signed by: T. G. Halsall, H. A. Skinner, E. R. H. Jones. 

Khan, Mohammad Surat Ali, M.Sc. (Dacca). Pakistani. Department of Applied Physical Chemistry, 
Imperial College, London, S.W.7. Professor of Chemistry in East Bengal Government Service, on 
Study Leave. Signed by: G.I. Finch, A. C. G. Egerton, D. N. Newitt. 

*King, Gerald Wilfrid, B.Sc. and Ph.D. (Lond.). British. 4, Forres Gardens, Golders Green, N.W.11. 
Research Student at University College, London. Signed by; E. D. Hughes, D. P. Craig, J. E. 
Gowan. 

*Lamond, Maxwell James. British. 5, Hampden Street, Ashfield, Sydney, N.S.W., Australia. Junior 
Chemist with British Australian Lead Manufacturers. Signed by: N. J. Dunstan, T. Iredale, G. W. K. 
Cavill. 

Lewin, Sherira, M.Sc. and Ph.D. British. 29, Long Lane, Finchley, N.3. Lecturer at South-West 
Essex Technical College. Signed by: H. Holness, R. W. Jukes, R. A. Tingey, M. R. Porter, M. J. 
Kenney. 

McPherson, James Louis, B.S. (Georgia Tech.), M.A. (Texas). American. 3054 E. Main Street, Colum- 
bus, Ohio, U.S.A. Student at Ohio State University. Signed by: M.S. Newman, C. L. Wilson, 
G. Eglinton. 

Mishra, Lakshmi Kant, M.Sc. (Patna). Indian. Chemistry Department, Kings College, Newcastle-on- 
Tyne. Research Student. Signed by: R. Stevens, R. Raper, G. R. Clemo. 

*Mitchell, John William, B.Sc. (Lond.). British. Dormers Farm, Bletchingley, Surrey. Research 
Student at Battersea Polytechnic. Signed by: G. A. H. Elton, D. P. Benton, D. R. Greenwood. 

*Mullin, John Brian, B.Sc. (Liv.). British. 10, Circular Road West, Liverpool 11. Research Student 
at Liverpool University. Signed by: M. L. Meara, F. Hawke, J. P. Riley. 

*Munday, Derrick Albert Frederick. B.Sc. (Lond.). British. 21, Swanage Road, Wandsworth, 
S.W.18. Analytical Chemist with Messrs. Whiffen & Sons. Signed by: J. T. W. Mann, E. Glynn, 
H. E. Glynn. 

*Nickson, George Malcolm. British. Camp Hall, Harland Way, Cottingham, E. Yorks. Student at 
University College, Hull. Signed by: Brynmor Jones, G. W. Gray, R. R. Baldwin. 

Orgel, Leslie Eleazer, M.A. and D.Phil. (Oxon). British. 20, Norham Gardens, Oxford. Research 
Fellow. Signed by: H. Irving, J. D. Dunitz, L. E. Sutton. 

*O’Meara, Desmond, B.A. and B.Sc. (T.C.D.), A.R.I.C. Irish. O'Connor Square, Tullamore, Offaly, 
Ireland. Research Student. Signed by: J. C. P. Schwarz, H. P. Hutchison, E. R. Stuart. 

Papanastassiou, Zinon Basil, A.B. and M.S. (West Virginia). Greek. Chemistry Department, West 
Virginia University, Morgantown, W. Virginia, U.S.A. Research Fellow. Signed by: F. E. Clark, 
N. Kornblum, J. H. Brewster. 

Popli, Satya Pal, M.Sc. (Delhi), Ph.D. (Dunelm). Indian. Central Drug Research Institute, Chattar 
Manzil Palace, Lucknow, India. Junior Scientific Officer at C.D.R. Institute. Signed by: G. R. 
Clemo, J. O. Harris, R. Raper. 

*Rowland, Bertram Irwin, B.Sc. (California). American. Department of Chemistry, University of 
Washington, Seattle 5, Washington, U.S.A. Student. Signed by: S. B. Maerov, W. A. Sweeney, 
T. A. Liddicoet. 

*Russell, Colin Archibald, B.Sc.(Lond.). British. 277, Fir Tree Road, Epsom Downs, Surrey. Assistant 
Lecturer in Chemistry. Signed by: H. A. Rees, J. Bourne, R. L. D. Ellis. 

*Seabrooke, Anne. British. Mathan, Lewes Road, Haywards Heath, Sussex. Assistant at Hurstwood 
Park Hospital. Signed by: P. G. Marshall, R. J. Nunn, T. J. Morrison. 

Steadman, Thomas Ree, B.S. (Rensselaer Poly. Inst.), A.M. and Ph.D. (Harvard). American. 15, 
Larkspur Road, Waban 68, Massachusetts, U.S.A. Project Manager, Petrochemicals Department, 
National Research Corporation. Signed by: P. Smith, E. N. Trachtenberg, J. D. McCollum. 

Sternberg, Nehemia, M.Sc. (Hebrew Univ. Jerusalem). Israeli. The Weizmann Institute of Science, 
Rehovoth, Israel. Signed by: F.H. Herbstein, R. Pappo, H. J. E. Loewenthal. 

*Stewart, Frederick Hubert Campbell, B.Sc. and Ph.D. (Q.U.B.), A.R.LC. British. 31, Philipsburgh 
Avenue, Fairview, Dublin. Research Student. Signed by: F. Bell, M. Crawford, J. W. Rasburn. 

*Vance, Eric, B.Sc. (Glasgow). British. Loch View, Cross Roads, Harthill, Lanarkshire. Research 
Student. Signed by: N. Grassie, R. I. Reed, (the late) J. C. James. 

Williams, Haydn Windsor Richard, B.Sc. (Lond.), A.R.I.C. British. 44, Kimberley Road, Penylan, 
Cardiff. Research Chemist at Herts Pharmaceuticals Ltd. Signed by: D. J. Drain, F. J. Macrae, 
B. W. Mitchell. 

*Yates, Andrew Wright, B.A. (Cantab.). British. 48, Hill Rise, Rickmansworth, Herts. Nationa 
Service. Signed by: H. J. Emeléus, F. B. Kipping, A. G. Sharpe. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 

Bachmann, Jean Bernard, Dipl.Ing.Chem. (Zurich), D.Sc.Tech. (E.T.H.) Swiss. c/o Ciba S.A., St.-Fons, 
(Rhone), France. Research. Signed by: E. Heilbronner. 

Bishop, Claude Titus, B.Sc. and B.A. (Acadia), Ph.D. (McGill). Canadian. Division of Applied Biology, 
National Research Council, Sussex Street, Ottawa, Ontario, Canada. Assistant Research Officer 
Signed by: D. R. Whitaker 





113 


Booth, Robert Edwin, B.S. (N.Y. State College of Forestry), Ph.D. (Syracuse). American. 10, Church 
Street, LeRoy, New York, U.S.A. Research Chemist at Durez Laboratories. Signed by: J. A. 
Farr, jun. 

Cole, Andrew Reginald Howard, B.Sc. (W. Australia), D.Phil. (Oxon.). British. Department of 
Chemistry, University of Western Australia. Nedlands, Western Australia. Nuffield Research 
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PAPERS RECEIVED 


(List of papers received between June 24th’and August 8th, 1952.) 


‘‘ Dihalogeno-terephthalaldehydes and -p-tolualdehydes.”” By J. R. NAYLOR. 

‘ The assay and degradation of C-labelled choline.”” By H. R. V. ARNSTEIN. 

“ Calculated surface tensions of some organic substances in the solid state."’ By J. W. 
MITCHELL and G. A. H. ELton. 

‘“ Degradation of quaternary ammonium salts. Part IX. Attempts to prepare presumed 
intermediates having co-ordinately linked carbon.’’ By W. R. Bamrorp, T. S. 
STEVENS, and J. W. WRIGHT. 

‘’ A new reaction of aliphatic diazo-compounds.’’ By W. R. BAmMForp and T. S. STEVENS. 

“The decomposition of toluenesulphonylhydrazones by alkali.”” By W. R. BAMForD and 
T. S. STEVENS. 

“Synthesis of NN-dialkyl-N’-benzyl(or ethyl)-N’-l(or 2)-naphthylethylenediamines as 
potential histamine antagonists.’’ By N. B. CHAPMAN, J. W. JAMeEs, and J. F. A. 
WILLIAMS. 

‘“‘ The reaction between organic hydroperoxides and iodide in the presence of iron salts.’ 
By W. S. Wise and G. H. Twice. 

‘ The reaction between aa-dimethylbenzyl hydroperoxide and ferrous salts.’’ By W. S. 
WIsE and G. H. Twice. 
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“ A new reagent for the precipitation of sulphates.’’ By R. Belcher and D. Gibbons. 

‘“‘ The structure of native D-polyglutamic acid. PartI.’’ By J. Kovacs and V. Bruckner. 

“* bicyclo[4 : 3 : OJNon-6-en-8-one.”’ By A. M. IsLaM and R. A. RAPHAEL. 

‘“ The study of chelate systems. PartI.’’ By T. H. Simpson and (in part) LiInpA GARDEN. 

“The preferential reduction of nitro-groups in polynitro-compounds. Part V. 1:3: 6-, 
1:3: 8-, and 1: 4: 5-trinitronaphthalenes.”” By E. R. WARD and L. A. Day. 

‘ Titanium tetrachloride as a catalyst in the Friedel-Crafts reactions. Part II. Addition 
compounds.’ By N. M. CULLINANE, S. J. CHARD, and D. M. LEysHon. 

‘The preparation and properties of 1 : 4-dimethylethylene-o-phenylenediarsine and of 
diethylene-o-phenylenediarsine.’”” By FREDERICK G. MANN and F. C. BAKER. 

‘“‘ The detection and differentiation of 3 : 4- and 2 : 5-dihydroxyphenyl compounds related 
to tyrosine.’’ By C. E. DALGLIEsH. 

“The optical resolution of aromatic amino-acids on paper chromatograms.’’ By C. E. 
DALGLIESH. 

‘“‘Dimethylberyllium. Part I. Vapour pressure and vapour-phase association.’’ By 
G. E. CoaTEs, F. GLOCKLING, and N. D. Huck. 

‘““ Dimethylberyllium. Part II. Co-ordination compounds.’ By G. E. Coates and 
N. D. Huck. 

‘‘Dimethylberyllium. Part III. Reactions with some compounds containing reactive 
hydrogen.’’ By G. E. Coates, F. GLOcKLING, and N. D. Huck. 

‘““Amides of vegetable origin. Part II. Stereoisomeric N-isobutylnona-l : 5-diene-1- 
carboxyamides and the structure of pellitorine.’’ By L. CROMBIE. 

‘‘ The rate of nucleation of ammonium iodide on mica.’’ By R. S. BRADLEY. 

‘The infra-red spectra and molecular structure of some inorganic hexafluorides.’’ By 
J. GAUNT. 

‘‘ Synthetical experiments in the cycloheptatrienone series. Part II]. 4-Ketocyclohepta- 
trienecarboxylic acid.’’ By J. R. Barrtets-KeitH, A. W. JoHNsON, and A. 
LANGEMANN. 

“The scope of the Knoevenagel synthesis of aromatic secondary amines.’” By NG. Px. 
Buvu-Hoi. ; 

‘A preliminary study of the chemistry of the main polysaccharide of Lupinus termis 
seeds.’’ By WADIE TADROs and MOHAMED KAMEL. 

‘Phase relations in the pyridine series. Part I. The miscibility of some pyridine 
homologues with water.’’ By R. J. L. ANDon and J. D. Cox. 

‘Phase relations in the pyridine series. Part I]. The miscibility of some pyridine 
homologues with deuterium oxide.’’ By J. D. Cox. 

‘“ Compounds of curcumin and boric acid. Part I. The structure of rosocyanine.’’ By 
G. S. SPICER and J. D. H. STRICKLAND. 

‘“Compounds of curcumin and boric acid. Part IJ. The structure of rubrocurcumin.”’ 
By G. S. Spicer and J. D. H. STRICKLAND. 

‘‘ Compounds of curcumin and boric acid. Part III. Infra-red studies of rosocyanine and 
allied compounds.’” By L. J. Betiamy, G. S. Spicer, and J. D. H. STRICKLAND. 

‘‘ The nature of the co-ordinate link. Part VI. A comparison of equilibria between cts- 
and trans-(MEt3),PtCl,, where M = P, As, and Sb.’” By J. Cuatt and R. G. WILKINS. 

‘“‘ The action of hydrogen sulphide on certain methyleneimines. Part IJ.’’ By Eric R. 
BRAITHWAITE and JOHN GRAYMORE. 

‘““Amino-acids and peptides. Part IX. y-1-Glutamyl-L-alanine, -1-valine, and -1- 
leucine.’” By D. A. RowLanps and G. T, Younc. 

‘““Tropolones. Part VI. Further reactions of tropolone.’’ By J. W. Cook, R. A. 
RAPHAEL, and A. I. Scorrt. 

‘“ The self-condensation of cyclodecane-1 : 2-dione.’’ By R. A. RAPHAEL and A. I. Scott. 

‘‘ The reaction of amino-compounds with sugars. Part I. The action of ammonia on D- 
glucose.’’ By L. Houeu, J. K. N. Jones, and E. L. RICHARDs. 

“* Ester and lactone linkages in acidic polysaccharides. Part I.’’ By M. A. G. Kaye and 
P. W. KENT. 

‘“ Some derivatives of cis-A*-tetrahydrophthalic anhydride.”’ By J. E. Gitt and J. MUNRO. 
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2-Benzoyldithiocarbazinic acid and related compounds.’’ By Eric HOGGARTH. 
The reaction between hydrazine-] : 2-dithiodicarboxyamide and hydrazine.’ By 
Eric HOoGGARTH. 


‘“The components of wool wax. Part I. The aliphatic alcohols.”’ By J. Trept and 


E. V. TRUTER. 


‘ A study of the supercooling of drops of some molecular liquids.’’ By D. G. THomAs and 


L. A. K. STAVELEY. 


‘‘ Synthetic experiments in the B group of vitamins. PartIV. A synthesis of pyridoxine.” 


By A. CoHEN, J. W. HAwortH, and E. G. HUGHEs. 


‘ Synthetic experiments in the B group of vitamins. Part V. Novel derivatives of pyrid- 


oxine.”’ By A. CoHEN and E. G. HUGHEs. 


‘Synthetic experiments in the B group of vitamins. Part VI. Synthesis of the pyrid- 


‘The pyrolysis of poly-(sec.-butyl «-chloroacrylate) 


oxine analogue, 2-benzyl-3-hydroxy-4 : 5-bishydroxymethyl pyridine.”’ By A. 
COHEN and J. A. SILK. 

.’ By J. W. C. CrRawrorp and 
D. PLANT. 


‘‘ Heterocyclic syntheses with malonyl chloride. Part I. Pyrano-m-dioxens from ketones.”’ 


By S. J. Davis and J. A. ELVIDGE. 


‘ Studies of trifluoroacetic acid. Part VI. N-Trifluoroacetylamines.’’ By E. J. BOURNE, 


(Mrs.) S. H. Henry, (Mrs.) C. E. M. TatLow, and J. C. TATLow. 


‘A phase transformation in the soluble layer of dextrin adsorbed at the cyclohexane— 


, 


water interface.’’ By J. B. MATTHEWS. 


‘ The change of interfacial tension with time and solute concentration, and the salt effect, 


for systems composed of methyl cellulose, cyclohexane, and water.’ By J. B. 
MATTHEWS. 


‘‘ Cyclic conjugated polyenes. The attempted synthesis of dehydroindeno(5’ : 6’-1 : 2)- 


cycloheptatriene.”” By A. D. CAMPBELL and S. N. SLATER. 


‘‘ §-Benziloyloxymethylfurfuryltrimethylammonium chloride.’’ By A. S. BaiLey, D. H. 


BatTEs, and H. R. ING. 


‘ 8-3 : 5-Dihydroxyphenylethylamine and 3: 5-dihydroxyphenylalanine.”” By A. 5S. 


BAILEY, D. H. Bates, H. R. ING, and M. A. WARNE. 

The direct conversion of thianaphthen into derivatives of 9-thiafluorene.”’ By W. 
Davies, N. W. GAMBLE, and W. E. SAVIGE. 

The behaviour of halides of the transition metals with ammonia. Part I. The reaction 
of niobium pentachloride with ammonia.’’ By G. W. A. Fowes and F. H. PoLiarp. 

The thermal decomposition of calcium nitrite.’”” By TRAMBAKLAL M. Oza and VASANTRAI 
T. Oza. 

The thermal decomposition of calcium hyponitrite tetrahydrate.’’ By TRAMBAKLAL M. 
Oza and VASANTrRAI T. OZA. 


‘‘ The reactions of metallic salts of acids with halogens. Part III. Some reactions of 


salts of fluorohalogenoacetates and of perfluoro-acids.’’ By R. N. HASZELDINE. 


‘‘ Some reactions of sarverogenin.”’ By D. A. H. TAYLOR. 
‘“Macrozamin. Part III. Azoxymethane and some simple analogues.’’ By B. W. 


LANGLEY, B. LYTHGOE, and L. S. RAYNER. 


‘“‘ N-Substituted glycosylamines. Part IV. N-Aryl-p-fructosylamines."” By C. P. 


BARRY and JOHN HONEYMAN. 


“The attempted preparation of cycloheptatrienylidenecyclopentadiene.”’ By R. A. 


RAPHAEL and EMANUEL VOGEL. 


‘* The steroid series. Part II. Further reactions of fucosterol and 24-ketocholesterol.’’ 


By D. H. Hey, JoHN HONEYMAN, AND W. J. PEAL. 


‘‘ Properties and reactions of free alkyl radicals in solution. Part V. The reactions of the 


2-cyano-2-propyl radical with quinones.’ By F. J. Lopez APARicio and WILLIAM A. 
WATERS. 


‘The thermal decomposition of the alumina trihydrate, gibbsite.’’ By J. F. Brown, 


D. CLARK, and W. W. ELLiorrt. 


‘‘ Nitration of 2-acetamido-5-methoxytoluene.’’ By J. MACMILLAN. 
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‘‘ The upper limits of inflammability of hydrogen—air and hydrogen-nitrous oxide mixtures.”’ 
By S. SmitH and J. W. LINNETT. 

‘Conjugated macrocycles. Part XXII. Tetrazaporphin and its metallic derivatives.”’ 
By R. P. LinsTEAD and MARGARET WHALLEY. 

Conjugated macrocycles. Part XXIII. Tetracyclohexenotetrazaporphin.”’ By G. E. 
FICKEN, and R. P. LINSTEAD. 

“Heterocyclic imines. Part I. Imino-derivatives of isoindoline and their reaction with 
primary bases.’’ By J. A. ELvipGE and R. P. LINSTEAD. 

‘Conjugated macrocycles. Part XXIV. A new type of cross-conjugated macrocycle, 
related to the azaporphins.’’ By J. A. ELvipGe and R. P. LINSTEAD. 

‘ Experiments on the synthesis of carbonyl compounds. Part VI. A new general syn- 
thesis of ketones and $-keto-esters.’’ By R. E. BowMAN and W. D. ForRDHAM. 

“Synthetic long-chain aliphatic compounds. Part X. 21l-Methoxyheneicosanoic acid 
and some related compounds.’’ By R. E. BowMAN and R. G. MASON. 

‘The chemistry of Western Australian plants. Part VII. Oleanolic acid acetate from 
Eucalyptus calophylla bark.”’ By D. E. Waite and L. S. ZAMPATTI. 

‘ Synthesis of carbohydrates by use of acetylenic precursors. Part III. erythroHexane- 
1:3:4:6+tetrol.”” By R. A. RAPHAEL and C. M. ROXBOROUGH. 

‘ [Interaction of aromatic ketones with aluminium chloride.’’ By G. BADDELEy, G. HOLT, 
and W. PICKLEs. 

‘ The bromination of acridone.’’ By R. M. ACHESON and M. J. T. RoBINson. 

‘ A study of carveol and related substances.’” By A. BLUMANN and W. R. Woop. 

‘Heat of hydrolysis of phosphorus oxychloride and phosphorus trichloride.’’ By E. 
NEALE and L. T. D. WILLIAMs. 

‘‘ The synthesis of sugars from simpler substances. Part III. The enzymic synthesis of 
pentose.”’ By L. HouGuH and J. K. N. JONEs. 

‘‘ The synthesis of sugars from simpler substances. Part IV. The enzymic synthesis of 
6-deoxy-D-fructose and 6-deoxy-L-sorbose.’’ By L. HouGu and J. K. N. JONEs. 

‘‘ The synthesis of 2-imino-3-phenyl- and -3 : 3-diphenyl-pyrrolidines.’’ By F. E. KING, 
K. G. LATHAM, and M. W. PARTRIDGE. 

‘ Low-temperature photochromism and its relation to thermochromism.’’ By YEHUDA 
HIRSHBERG and ERNST FISCHER. 

‘ The effects of crystal fields on the properties of transition-metal ions.’” By L. E. ORGEL. 

‘‘ Infra-red spectra of natural products. Part I. The stereochemistry of lumistanol.”’ 
By A. R. H. Cote. 

‘The characteristic infra-red absorption frequencies of aromatic nitro-compounds.”’ 
By R. R. RANDLE and D. H. WHIFFEN. 

‘“ The hydrolysis of substituted o-chlorobenzoic acids : observations on the mechanism of 
the Ullmann reaction.’” By A. A. GOLDBERG. 

‘“ Alternaric acid. Part I. Purification and characterisation.’’ By JOHN FREDERICK 
GROVE. 

‘‘ Phenyl propargyl ketone.”’ By H. B. HENBEsT. 

‘‘ The preparation of silver tetrafluoroborate and silver(1) fluoride.” By A. G. SHARPE. 

‘““ Non-saponifiable constituents of Spanish broom.’’ By O. C. MUSGRAVE, JAMES STARK, 
and F. S. SPRING. 

‘The thermochemistry of organoarsenic compounds. Part I. Cacodyl, Asg(CHg),."’ By 
C. T. MORTIMER and H. A. SKINNER. 

‘ Melting-point diagrams for binary triglyceride systems.’’ By R. KERRIDGE. 

‘‘ Alicyclic compounds. Part I. The formation of cyclopropanes in the Wolff—Kishner 
reduction of «$-unsaturated carbonyl compounds.’” By S. G. BEEcH, J. H. TURNBULL, 
and WALTER WILSON. 

‘“ Fluoro-olefins. Part I. The synthesis of hexafluorobuta-l : 3-diene.”” By R. N. 
HASZELDINE. 

‘‘ Synthesis of 3 : 4- and 3 : 5-dimethyl xylose.’’ By E. E. PERcIvAL and ROLF Zosrist. 

‘ A synthesis of 3 : 4-dimethyl and 4-methyl p-xylose.’’ By L. Houcuand J. K. N. JoNnEs. 

‘“‘ The study of chelate systems. Part II.’’ By B. L. SHaw and T. H. Simpson. 
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“ The system Al,(SO,),-H,SO,-H,0.”"" By DuNcAN TAYLOR and (in part) HENRY BASSETT. 

‘“‘ The hydrolysis of amides of dibasic acids. Part II. The acid hydrolysis of oxamide and 
oxamic acid.’’ By J. PACKER, A. L. THomson, and J. VAUGHAN. 

“* The chemistry of extractives from hardwoods. Part IX. Constituents of the heartwood 
of Ferreirea spectabilis.”’” By F. E. Kine, M. F. GRunpon, and K. G. NEILL. 

“ Pyrimidines. PartIV. The synthesis of 5-amino-4-hydroxypyrimidine, a new isomer of 
cytosine.’’ By (Miss) M. P. V. BoARLAND and J. F. W. McOmiIe. 

*‘ Pyrimidines. Part V. Experiments on the synthesis of pyrimidine and 4 : 6-dimethyl- 
pyrimidine.’’ By (Miss) M. P. V. BOARLAND, J. F. W. McOmig, and R. N. Timms. 

“‘ Infra-red studies of monoamino-acridines and -quinolines.”’ By L. N. SHorTt. 

** The action of methylmagnesium iodide on two nitramines.’’ By A. H. LAMBERTON. 

** Polymorphism and isomerism in cytidine phosphates.”’ By R. J. C. Harris, S. F. D. 
Orr, E. M. F. Roe, and J. F. THomas. 

‘“‘ Structural and stereochemical correlation of metanethole with other dimerides of aryl 
propenyl compounds.’’ By Wi son BAKER, C. N. Haksar, J. F. W. McOmieg, and 
T. L. V. ULBRICHT. 

“Studies on the structure of native D-polyglutamic acid. Part II. The synthesis of 
a-L-polyglutamic hydrazide and the Curtius degradation thereof.’’ By J. KovAcs, 
V. BRUCKNER, and K. Kovacs. 

“‘ The reactions of highly fluorinated organic compounds. Part II. Reactions of per- 
fluorodicyclohexyl and perfluoro(tsopropylcyclohexane).’’ By G. B. BARLow and 
J. C. TATLow. 

‘“‘ The oxidation of ferrous hydroxide.’’ By J. E.O. MAYNE. 

‘“ An anthocyanidin of Louro inamut.’’ By Eric COCKER and WESLEY COCKER. 

‘“‘ An improved synthesis of pyridine-2-aldehyde.’” By E. P. Harr. 

“* Course of cyclisation in the formation of alicyclicrings. Part II. A paradoxical case 
of Dieckmann cyclisation.’” By R. N. CHAKRAVARTI. 

“‘ The thermal decomposition of potassium perchlorate.”’ By L. L. BincuMsHaw and T. R. 
PHILLIPS. 

“‘ Organic fluorides. Part XIV. The synthesis of some aromatic fluoro- and chloro- 
compounds.’’” By L. V. JoHnson, F. Smitu, M. Stacey, and J. C. TATLow. 

“‘ The preparation of arylalkanesulphonic acids.’’ By C. A. Bunton and E. A. HALEvI. 

‘‘ The spectra of some dibenzofluorenes.’’ By ERNst D. BERGMANN and Y. HIRSHBERG. 

“‘ The reaction of 1 : 4-diphenyl- and 1 : 1 : 4-triphenyl-butane with N-bromosuccinimide.’’ 
By SHALOM ISRAELASHVILI and FELIX BERGMANN. 

‘* The preparation of some alkyl-substituted benzoic acids.’’ By MALCOLM CRAWFORD and 
F. H. C. STEWART. 

“‘ The solubility of the copper salts of aromatic carboxylic acids in benzene—ethanol mix- 
tures."” By MALCOLM CRAWFORD and F. H. C. STEWART. 

“‘ The preparation of substituted quinones by a new oxidizing agent.’’ By A. G. Brook. 

‘‘The magnetic susceptibility of urania—thoria solid solutions.’” By J. K. DAwson and 
M. W. LIsTER. 

“The effect of 1: 2-5: 6-dibenzanthracene on the autoxidations of benzaldehyde and 
methyl oleate."’ By IvAN M. Rott and WILLIAM A. WATERS. 

“‘The photochemical addition of benzaldehyde to quinones.’’ By R. F. Moore and 
WILLIAM A. WATERS. 

“The Sy mechanism in aromatic compounds. Part IV.”’ By JosEPH MILLER and 
VINCENT A. WILLIAMS. 

“Dextran formation from glucose by Streptococcus mucilaginosus.’ 
and T. K. WALKER. 

“‘ Peroxides of tetrahydrocarbazole and related compounds. Part III. A synthesis of 
5 : 6-dimethoxycyclopentanespiro-2-p-indoxyl.’” By R. J. S. Beer, T. BROADHURST, 
ALEXANDER ROBERTSON, and (in part) L. MCGRATH. 

“*‘ Peroxides of tetrahydrocarbazole and related compounds. Part IV. Autoxidation 
of substituted tetrahydrocarbazoles."’ By R. J. S. BEER, T. BROADHURST, and 
ALEXANDER ROBERTSON. 


By M. S. E. SALEH 
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Furano-compounds. Part XII. Some analogues of kellin and visnagin.’’ By G. H. 
PHILLIPPS, ALEXANDER ROBERTSON, and W. B. WHALLEY. 

‘ The pigments of ‘‘ dragon’s blood ”’ resin. Part IV. The oxidation of some anhydro-7 
hydroxybenzopyranols.’’ By P. BROADBENT, ALEXANDER ROBERTSON, and W. B. 
WHALLEY. 

‘“ Oxygen exchange between nitric acid and water. Part I.’’ By C. A. Bunton, E. A. 
HALEvI, and D. R. LLEWELLYN. 

‘‘ Oxygen exchange between nitric acid and water. Part II. A correlation of oxygen 
exchange with aromatic nitration.”’ By C. A. BuNTon and E. A. HALEvI. 

‘The electrolytic production of quadrivalent uranium.’’ By H. K. Et-SHAmy and 
S. EL-Din ZAYAN. 

‘The polymerisation of «-methylstyrene catalysed by stannic chloride in ethyl chloride 
solution.’’ By F. 5S. DAINTON and R. H. ToMLinson. 

‘‘ A new reagent for the determination of antimony.’’ By R. BELCHER and D. GIBBONs. 

‘‘ Investigations on natural tannins. PartI. The reaction of resorcinol with benzylidene- 
acetone.”” By Davip W. CLayTon, WILLIAM E. ELstow, RANAJIT GHOsH, and BERTIE 
C, PLATT. 

‘‘ Interfaces between aqueous liquids.’’ By L. SAUNDERs. 

‘‘ Syntheses in the penicillin field. Part X. 4-Formylisooxazolones and derived thiazolid- 
ines.”” By A. H. Cook and C. SHAw. 

‘ Internuclear cyclisation. Part VII. The synthesis of some nitro-N-methylphenanthrid- 
ones.’” By R. A. HEAcocK and D. H. HEy. 

‘Experiments on the synthesis of potential cortical hormone substitutes. Part II.” 
By F. J. Dyer, D. A. A. Kipp, and JAMES WALKER. 

3 : 5-Diamino-l-aryl-1 : 2: 4-triazoles as potential antimalarials.’’ By (Miss) J. P. 
THURSTON and JAMES WALKER. 

‘“ The seed fat of Myrrhis odorata : the chemistry of petroselinic acid.’’ By G. R. CLEMo and 
R. STEVENS. 

‘‘ Studies in the steroid series. Part LVI. Reduction of dehydroergosterol epidioxide.”’ 
By PETER BLapon, R. B. Clayton, C. W. GREENHALGH, H. B. HENBEsT, E. R. H. 
Jones, (Miss) B. J. LOVELL, G. SILVERSTONE, GEOFFREY W. Woop, and GILBERT F. 
Woops. 

‘‘ Studies in the steroid group. Part LVII. Side-chain degradation of 3$-acetoxy-52 : 8a- 
epidioxyergosta-9 : 22-diene.’’ By PETER BLaApon, H. B. HENBEsT, E. R. H. JONEs, 
GEOFFREY W. Woop, and GILBERT F. Woops. 

‘Studies in the steroid series. Part LVIII. Oxidation of 5a: 8«-epidioxy-A%?)- 
steroids.’"” By H. B. HENBEsT, E. R. H. JONES, GEOFFREY W. Woop, and GILBERT 
F. Woops. 

‘‘ Thechemistry of the triterpenes. Part XIII. The further characterisation of polyporenic 
acid A.’’ By R. G. Curtis, SiR IAN HEILBRON, E. R. H. JONEs, and GILBERT F. 
Woops. 

‘“The chemistry of the triterpenes. Part XIV. Further evidence concerning the un- 
saturated centres of polyporenic acid A.’’ By E. R. H. Jones and GILBert F. 
Woops. 

‘‘ The chemistry of the triterpenes. Part XV. The environment of the unreactive double 
bond of polyporenic acid A.’’ By T. G. HALsALL, E. R. H. Jones, and A. J. LEMIN. 

‘‘ The system benzene—hydrogen bromide—aluminium bromide. Part II.’ By D. D. ELEy 
and P. J. Kine. 

‘‘ The vapour pressure of aqueous solutions of beryllium sulphate and of uranyl sulphate at 
25°.’" By R. A. ROBINSON. 

‘A direct method for the preparation of some «-chloro-carboxylic esters.’’ By A. D. 
CAMPBELL and D. R. D. SHAw. 

‘‘ Allylbenzene compounds. Part III. Pyrolysis of methyl 2-allyloxy-3 : 4-dimethoxy- 
benzoate.”’ By M. MicuakL, D. E. WuitTeE, and M. C. Woops. 

‘“* Tetrahydroquinoxalines. A new route from o-amino-N-2’-hydroxyethylanilines.”’ By 

G. R. RAMAGE and G. TRAPPE. 
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’ Glyoxalinopyrimidines. 
By G. R. RAMAGE and G. TRAPPE. 


The influence of conjugation on the ionization of aromatic amines.”’ 


Hydrated calcium silicates. Part V. 


By H. F. W. TAyLor. 


' 2-Ethylpyridine as a constituent of coal-tar bases.”’ 


and A. J. Smmpson. 


The structure of «-oxalic acid and of the carboxyl group.” 


ILL, and G. A. JEFFREY. 
‘ The structure of the oxalate ion.’ 
‘ Homolytic aromatic substitution. 
ation of chlorobenzene. 


The cyclisation of some 4-2’-chloroethylaminopyrimidines.’ 


By N.S. Husu. 
The water content of calcium silicate hydrate (1).”’ 


By A. B. DensHaM, D. J. LANGSTON, 


By E. G. Cox, M. W. Douc- 


By G. A. JEFFREY and G. S. PARRY. 
Part III. 
Competitive experiments on the phenylation of #p-di- 
chlorobenzene and | : 3 : 5-trichlorobenzene. 


Ratio of isomerides formed in the phenyl- 


Partial rate factors for chlorobenzene.”’ 


By D. R. Aucoop, D. H. Hey, and GARETH H. WILLIAMs. 


‘ The configuration of heterocyclic antimony compounds. 
By I. G. M. CAMPBELL. 


tiomorphic 9-stibiafluorenes.”’ 


Part II. Symmetric and enan- 


‘ The direct measurement of the absorption spectra of some ‘ plant phenols’ on paper- 


strip chromatograms.”’ 


ADDITIONS TO 


I. Donations 
\. Books. 


ANGLO-AMERICAN COUNCIL ON PRODUC- 
TIVITY. Productivity team report, iron and 
steel. Report of a productivity team repre- 
senting the British iron and steel industry, 
which visited the United States of America 
in 1951. London 1952. pp. xii + 147. ill. 
The Council. 5s. (Recd. 9/7/52.) 

From the Team. 

Electrochemical 

pp. xx + 374. 

(Recd. 31/7/52.) 
From the Author. 
Einfiihrung in die 
Braunschweig 1952. pp. 
(Die Wissenschaft, Bd. 106.) 
(Recd. 29/7/52.) 

From the Publishers : 

Herren Friedr. Vieweg & Sohn. 

ORGANISATION FOR EUROPEAN ECONOMIC 
COOPERATION. Technical Assistance Mission 
No. 23. Chemical apparatus in the U.S.A. 
Report by a group of European experts. 
Paris 1952. pp. 224. ill. The Organisation. 
20s. (Recd. 31/7/52.) From the Director. 

SHAND, S. JAMES. Rocks for chemists. 
\n introduction to petrology for chemists and 
students of chemistry. London 1952. pp. 
xii + 146. ill. 32 plates. (Recd. 18/7/52.) 
Murby. 2ls. 

From Messrs. Allen & Unwin, Ltd. 

TeExAs COMPANY. Properties of the prin- 

cipal fats, fatty oils, waxes, fatty acids and 


ConwWAY, BRIAN EVANS. 
lata. Amsterdam 1952. 
Reference.) Elsevier. 55s. 


HEDVALL, J. ARVID. 
Festk6rperchemie. 
viii + 292. ill. 
DM 18.20. 


By A. E. BRADFIELD and A. E. FLoop. 


THE LIBRARY 


their salts. By M. P. Doss. 
pp. ili + 244. (Reference.) 
From the Company. 

VELLUZ, L&Oon [and others]. Substances 
naturelles de synthése; préparations et 
méthodes de laboratoire. Vol. 4. Paris 1952. 
pp [v] + 165. ill. Masson. (Recd. 21/7/52.) 
From the Authors. 


New York 1952. 


B. Pamphlets. 


CHILEAN IODINE EDUCATIONAL BUREAU. 
Iodine pharmaceuticals. A checklist of iodine 
compounds and preparations used in human 
medicine. London 1952. pp. vi+ 78. The 
Bureau. 2s. 6d. From the Director. 

DuVEEN, DENIS, and OFFENBACHER, 
Emit. An alchemical correspondence in Ger- 
many under the Nazi régime. New York 1951. 
pp. 29. Reinitz Soap Corporation. 

From D. Duveen, Esq. 

FISHER SCIENTIFIC Co. Manual of 
laboratory safety. Pittsburgh [1950]. pp. 38. 
ill. From the Director 

IVANOVSZKY, LEO. Wax chemistry and 
technology. London 1952. pp. [ii] + 44 
ill. (From Soap, Perfumery, Cosmetics,'1951 
52, 24—25.) From the Author. 

KLOOSTERZIEL, HENDRIK. Structure and 
function of the sulphonyl group. Groningen 
1952. pp. iv + 63. ill. Verenigde Druk- 
kerijen Hoitsema. From the Author. 

Lee, A. R. Reaction of oxygen with road 
tar. [London 1952.) pp. 3. 

From the Author. 
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Lu1jJTEN, J. G. A., and KERK, G. J. M. 
VAN DER. A survey of the chemistry and 
applications of organotin compounds. Green- 
ford 1952. pp. 30. ill. 

From the Publishers : 
The Tin Research Institute. 

MADDISON, ROBERT EDWIN WITTON. 
Studies in the life of Robert Boyle, F.R.S. 
Part 2. Salt water freshened. [London 1952.) 
pp. [21]. (From Notes and Records Roy. Soc. 
London, 1952, 9.) From the Author. 

ORGANISATION FOR EUROPEAN ECONOMIC 
COOPERATION. Chemical Products Committee 
Secretariat. Sulphur; a study... Paris 
1952. pp. 62. (O.E.E.C. Documentation.) 
The Organisation. 3s. From the Director. 

PENFOLD, A. R. and Morrison, F. R. 
Commercial eucalyptus oils. 5th edition. 
Sydney 1951. pp. 35. ill. (Museum of 
Applied Arts and Sciences, Bulletin No. 2.) 
—— The essential oil of Baeckea crenu- 
lata (De Candolle). Sydney 1951. pp. [6]. 
(From J. Proc. Roy. Soc. N.S.W., 1951, 84.) 

From the Authors. 

Royal INSTITUTE OF CHEMISTRY. Lec- 
tures, Monographs and Reports 1952, No. 2. 
Studies in the chemotherapy of tuberculosis. 
By VINCENT CHRISTOPHER Barry. London 
{1952}. pp. 10. [Two copies.] 

From the Institute. 

SCHWALB, HARRY M. Safety in to-day’s 
laboratories. [Pittsburgh 1951.) pp. 6. 
(From Industrial Laboratories, 1951, 2.) 

From the Fisher Scientific Co. 

ScIENCE MusEUM. A hundred alchemical 
books. Catalogue of book exhibition no. 1. 
London 1952. pp. 32. H.M.S.O. 2s. 

From the Director. 


II. By Purchase 


BAmMBAS, L. L. Five-membered hetero- 
cyclic compounds with nitrogen and sulfur 
or nitrogen, sulfur and oxygen (except thi- 
azole). New York 1952. pp. xi+ 403. ill. 
(Chemistry of Heterocyclic Compounds Series.) 
Interscience. £5. (Recd. 7/7/52.) 

BARRON, E.S. GUZMAN. Editor. 


Modern 
trends in physiology and biochemistry. Woods 


Hole lectures dedicated to the memory of 
Leonor Michaelis. New York 1952. pp. xxii+ 
538. ill. Academic Pr. $8.50. (Recd. 
30/6/52.) 

BaTE-SmiTH, E. C., and Morris, T. N. 
Editors. Food science; a symposium on 
quality and preservation of foods. Cambridge 
1952. pp. xvii + 319. ill. Cambridge Univ. 
Pr. 40s. (Recd. 21/7/52.) 

BEAU, MAURICE. La caséine: 
tion, propriétés, technique, commerce. 


composi- 
Paris 


1952. pp. [iv] + 290. ill. Dunod. 
(Recd. 7/7/52.) 

BRENNECKE, ERNA [and others]. Neuere 
massanalytische Methoden. 3rd_s edition. 
Stuttgart 1951. pp. xx + 347. ill. (Die 
chemische Analyse, Bd. 33.) (Reference.) 
Enke. DM 46. 

CHARLOT, G., and GAUGIN, R. Dosages 
colorimétriques ; principes et méthodes. Paris 
1952. pp. [iv] + 243. ill. Masson. 1,500 frs. 
(Recd. 17/7/52.) 

GUGGENHEIM, EDWARD ARMAND. Mix- 
tures. The theory of the equilibrium pro- 
perties of some simple classes of mixtures, 
solutions and alloys. Oxford 1952. pp. x + 
270. ill. Clarendon Pr. 42s. (Recd. 9/7/52.) 

HAGG, GUNNAR. Die theoretischen 
Grundlagen der analytischen Chemie. Basel 
1950. pp. 197. ill. Birkhauser. 22 Sw. frs. 
(Recd. 19/7/52.) 

HARKINS, WILLIAM DRAPER. 
cal chemistry of surface films. 
1952. pp. xvi+ 413. ill. 
(Recd. 11/8/52.) 

HEMPEL, THEODOR [and 
Seife und ihre Herstellung. 
pp. xv + 660. ill. 
(Recd. 10/7/52.) 

HOLMSTROM, JOHN’ EDwIN. _ Biblio- 
graphy of interlingual scientific and technical 
dictionaries. 2nd edition. Paris 1951. pp. 
231. (Reference.) Unesco. 4s. 

KENNEDY, JOSEPH W. 
atoms and isotopic tracers. State College, 
Pennsylvania 1952. pp. vi+ 89. ill. (26th 
Annual Priestley Lecture, Phi Lambda Upsilon 
and Departments of Chemistry and Chemical 
Engineering, Pennsylvania State College.) 
$2. (Recd. 9/7/52.) 

Kocu, JULIUS. Neuzeitliche Erkenntnisse 
auf dem Gebiet der Siissmostherstellung. 
Frankfurt am Main 1951. pp. 80. ill. 
(Fortschritte in der Kellertechnik, Bd. 1.) 
Wagner & Sédhne. DM 2.50. (Recd. 10/7/52.) 

LAER, Marc H. VAN. La chimie des 
fermentations. 2nd edition. Vol. 1. Notions 
générales. Liége 1949. pp. 414. ill. Desoer. 
400 frs. Belges. (Recd. 17/7/52.) 

LANGE, BRUNO. Kolorimetrische analyse. 
4th edition. Weinheim 1952. pp. xxiii 4 
395. ill. Verlag Chemie. DM 23.80. (Recd. 
19/7/52.) 

LEFAUX, RENE. Toxicologie des matiéres 
plastiques et des composés macromoléculaires. 
Paris 1952. pp. [iv] + 144. Masson. 820 frs. 
(Recd. 7/7/52.) 

LEIMBACH, R. Die Atherischen Ole. 
Eine kurze Darstellung ihrer Gewinnung und 
Untersuchung und eine Zusammenstellung 
ihrer wichtigsten Merkmale. 2nd edition. 


1,750 frs. 


The physi- 
New York 
Reinhold. $10. 


others]. Die 


Augsburg 1952. 
Ziolkowsky. DM 46. 


Radioactive 
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By KonrapD Bournot. 
pp. xi+ 271. ill. 


Halle (Saale) 1951. 

(Monographien | iiber 
chemisch-technische Fabrikationsmethoden, 
Bd. 21.) Knapp. DM 13. (Recd. 25/7/52.) 

MAAsS, HEINRICH. Die Pektine. Braun- 
schweig 1951. pp. 402. ill. Serger & 
Hempel. 35s. (Recd. 30/6/52.) 

MOHLER, HERMANN. Chemische Optik. 
Aarau 1951. pp. 296. ill. Sauerlander. 
23 Sw. frs. (Recd. 2/7/52.) 

NATIONAL RESEARCH COUNCIL. Chemical- 
Biological Coordination Center. A method of 
coding chemicals for correlation and classific- 
ation. Washington, D.C. 1950. pp. [ii] + 98. 
ill. [Loose-leaf.] (Reference.) The Center. 
$1.50. 

First symposium on chemical-bio- 
logical correlation. Washington, D.C. 1951. 
pp. [v] + 415. ill. (Publication 206.) The 
Council. $4. (Recd. 11/8/52.) 

PULLMAN, BERNARD, and PULLMAN, 
ALBERTE. Les théories électroniques de la 
chimie organique. Paris 1952. pp. x + 665. 
ill. Masson. 5,800 frs. (Recd. 7/7/52.) 

Reis, T. Introduction a la_ chimie- 
physique des surfaces. Vol. 1. Liquides. 
Paris 1952. pp. xvi-+ 286. ill. Dunod. 
2,400 frs. (Recd. 27/6/52.) 

RoyAL SOCIETY FOR THE PREVENTION 
OF ACCIDENTS. A guide to the principal 
requirements of the Factories Acts 1937 and 
1948. 2nd edition. London 1951. pp. 90. 
The Society. 15s. (Recd. 25/6/52.) 


SARTON, GEORGE. A guide to the history 
of science. A first guide for the study of the 
history of science with introductory essays on 
science and tradition. Waltham, Mass. 1952. 
pp. xviii + 316. ill. Chronica Botanica Co 
$7.50. (Recd. 11/8/52.) 

SHERWOOD, THOMAS K. 
extraction. 2nd edition. 
SHERWOOD and RoBErt L. Picrorp. New 
York 1952. pp. ix + 478. ill. McGraw-Hill. 
$7.50. (Recd. 7/7/52.) 

STEYERMARK, AL. Quantitative 
microanalysis. New York 1951. 
389. ill. Blakiston. $7. 

TIMELL, TORE. 
actions. Stockholm 


Absorption and 
By Tuomas K. 


organic 
pp. xvi 
(Recd. 30/6/52.) 
Studies on cellulose re- 

1950. pp. 275. ill 
(Acta Polytechnica, 1950, 68, Chem. Metal 
Series, 2, No. 2; Ingeniérsvetenskapsakade- 
miens Handlingar, No. 205.) Generalstabens 
Litoprafiska Anstalts Férlag. 22s. 6d. (Recd 
25/6/52.) 

UNITED STATES. Department of Commerce. 
National Bureau of Standards. Circular 514 
Table of dielectric constants of pure liquids 
By ArtTHUR A. Maryotr and EpaGar R. 
Smi1TH. Washington, D.C. 1951. pp. v + 44 
(Reference.) U.S. Govt. Print. Off. 30c. 

WorLD List OF SCIENTIFIC PERIODICALS 
published in the years 1900—1950. 3rd 
edition. Edited by WiLt1aAmM ALLAN SMITH, 
FRANCIS LAWRENCE KENT, and GEORGE 
BuRDER STRATTON. London 1952. pp. xvii + 
1058. (Reference.) Butterworth. {12 12s. 
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SCIENTIFIC MEETINGS DURING NOVEMBER, 1952 
LONDON. 
Thursday, November 6th, 1952, at 7.30 p.m. 
Willstatter Memorial Lecture, by Sir Robert Robinson, O.M., D.Sc., LL.D., F.R.S. 


Thursday, November 20th, 1952, at 7.30 p.m. 


Tilden Lecture, The Chemistry of Intermolecular Compounds, by Mr. H. M. Powell, 
M.A., B.Sc. 


ABERDEEN. 
Thursday, November 6th, 1952, at 7.30 p.m. 


Lecture by Miss Maimie Olliver, M.Sc. Joint meeting with the Royal Institute of 
Chemistry and the Society of Chemical Industry to be held in the Robert 
Gordon’s Technical College. 


BRISTOL. 
Thursday, November 20th, 1952, at 7 p.m. 


Lecture, Pile-produced Isotopes, by Dr. W. J. Arrol. Joint meeting with the Royal 
Institure of Chemistry and the Society of Chemical Industry to be held in the 
Chemistry Department of the University. 


Thursday, November 27th, 1952, at 7 p.m. 


Lecture, Phosphates and their Application to Industry, by Mr. C. W. Todd. Joint 
meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry to be held in the Chemistry Department of the University. 


EDINBURGH, 


Thursday, November 13th, 1952, at 7.30 p.m. 


Lecture, Acetylenic Compounds, by Dr. R. A. Raphael. Joint meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry to be held 
in Heriot-Watt College. 


GLASGOW, 
Friday, November 21st, 1952, at 7.15 p.m. 


Lecture, Some Recent Work on the Chemistry of Metallic Oxides, by Dr. J. S. 
Anderson, M.Sc. To be given at the University. 








IRISH REPUBLIC. 
Wednesday, November 5th, 1952, at 7.45 p.m. 


Lecture, Recent Physico-chemical Studies on 7-Electrons in Solids, by Professor 
A. R. Ubbelohde, M.A., D.Sc., F.R.S. To be given at the University College, 
Upper Merrion Street, Dublin. 


Friday, November 21st, 1952, at 7.45 p.m. 


Lecture, The Molecular-orbital Theory of Organic Chemistry, by Professor M. J. S. 
Dewar, M.A., D.Phil. Joint meeting with the Werner Society to be held in 
the Chemistry Department, Trinity College, Dublin. 


LEEDS. 
Tuesday, November 25th, 1952, at 6.30 p.m. 


Lecture, Chemistry of the Tropolones, by Professor R. D. Haworth, D.Sc., F.R.S. 
To be given in the Department of Chemistry, The University. 


LIVERPOOL. 
Thursday, November 6th, 1952, at 5 p.m. 


Lecture, Some Aspects of the Chemistry of Sesquiterpenes, by Professor G. R. Clemo, 
D.Sc., F.R.S. Joint meeting with the University Chemical Society, the Royal 
Institute of Chemistry, the Society of Chemical Industry, and the British 
Association of Chemists to be held in the Chemistry Lecture Theatre, The 
University. 


Thursday, November 27th, 1952, at 5 p.m. 


Lecture, Kinetics of Halogenation of Organic Compounds, by Mr. R. P. Bell, M.A., 
F.R.S. Joint meeting with the University Chemical Society, the Royal 
Institute of Chemistry, the Society of Chemical Industry, and the British 
Association of Chemists to be held in the Chemistry Lecture Theatre, The 
University. 


MANCHESTER. 
Thursday, November 13th, 1952, at 6.30 p.m. 


Lecture, Self-sustained Exothermic Chemical Reactions with Special Reference to 
Explosions and Jet Propulsion, by Dr. James Taylor. Joint meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be 
held at the College of Technology. 


Tuesday, November 25th, 1952, at 6.30 p.m. 
Meeting for reading of original papers. To be held at the College of Technology. 


NEWCASTLE AND DURHAM. 
Friday, November 28th, 1952, at 5 p.m. 


Tilden Lecture, The Stereochemistry of cycloHexane Derivatives, by Dr. D. H. R. 
Barton, A.R.C.S., F.R.I.C. To be given in the Chemistry Building, King’s 
College, Newcastle-on-Tyne. 





NORTHERN IRELAND. 
Wednesday, November 12th, 1952, at 7.15 p.m. 


Lecture, Chemical Engineering, by Professor D. M. Newitt, M.C., D.Sc., F.R.S. 
Joint meeting with the Royal Institute of Chemistry and the Society of Chemi- 
cal Industry to be held in the Department of Agricultural Chemistry, Queen’s 
University, Belfast. 


Tuesday, November 25th, 1952, at 7.45 p.m. 


Lecture, Some Recent Advances in the Chemistry of Natural Products, by Dr. W. B. 
Whalley, F.R.I.C. Joint meeting with The Andrews Club, The Royal Institute 
of Chemistry, and the Society of Chemical Indus cy, to be held in the Depart- 
ment of Chemistry, Queen’s University. 


NORTH WALES. 


Thursday, November 6th, 1952, at 5.45 p.m. 


Lecture, Cortisone, by Professor C. W. Shoppee, D.Sc., D.Phil. Joint meeting with 
the University College Chenical Society to be held in the Department of 
Chemistry, University College of North Wales, Bangor. 


NOTTINGHAM. 
Thursday, November 27th, 1952, at 4.45 p.m. 


Lecture, Some Organometallic Compounds Containing Fluorocarbon Radicals, by 
Professor H. J. Emeléus, D.Sc., F.R.S. Joint meeting with the University 
Chemical Society to be held at the University. 


OX FORD. 
Monday, November 10th, 1952, at 8.15 p.m. 


Alembic Club Lecture, Herbicides and Insecticides, by Professor G. E. Blackman. 
To be given in the Physical Chemistry Laboratory, South Parks Road. (All 
Fellows are invited.) 


Monday, November 24th, 1952, at 8.15 p.m. 


Alembic Club Lecture, Industrial Catalysis, by Dr. D. A. Dowden. To be given in 
the Physical Chemistry Laboratory, South Parks Road. (All Fellows are 
invited.) 


ST. ANDREWS AND DUNDEE. 
Friday, November 14th, 1952, at 5.15 p.m. 


Lecture, Hairs, Muscles, and Bacterial Flagella, by Professor W. T. Astbury, F.R.S. 
Joint meeting with the St. Andrews University Chemical Society to be held in 
the Chemistry Department, United College, St. Andrews. 


Friday, November 28th, 1952, at 7 p.m. 


Royal Institute of Chemistry Lecture, Alehemy and Art, by Professor John Read, 
M.A., Sc.D., F.R.S. To be given in the Chemistry Department, University 
College, Dundee. (All Fellows are invited.) 








SHEFFIELD. 


Thursday, November 13th, 1952, at 7.30 p.m. 


Lecture, Some Recent Progress in Natural Product Research, by Dr. D. H. R. 
Barton, A.R.C.S., F.R.L.C. Joint meeting with the University Chemical 
Society to be held in the Chemistry Lecture Theatre, The University. 


Thursday, November 27th, 1952, at 7.30 p.m. 
Lecture, The Origin of Meteorites, by Professor F. A. Paneth, Ph.D., F.R.S. Joint 
meeting with the Royal Institute of Chemistry to be held in the Chemistry 
Lecture Theatre, The University. 
SOUTHAMPTON. 
Friday, November 2\st, 1952, at 5 p.m. 


Lecture, The Nature of the Co-ordinate Link, by Dr. J. Chatt. Joint meeting 
with the University Chemical Society and the Royal Institute of Chemistry 
to be held in the New Chemistry Building, The University. 


SOUTH WALES. 


Monday, November 17th, at 5.30 p.m. 


Lecture, Some Recent Developments in the Investigation of Radical Reactions, by 
Professor H. W. Melville, D.Sc., F.R.S. To be given in the Chemistry Depart- 
ment, University College, Cardiff. 


Friday, November 21st, 1952, at 5.30 p.m. 


Lecture by Professor R. P. Linstead, C.B.E., D.Sc., F.R.S. Joint meeting with 
the University College Chemical Society to be held in the Chemistry Depart- 
ment, University College, Swansea. 





OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 


Sir Jack Cecil Drummond (Nottingham) (C. 


1927—30) 


Elected. Died. 


June 19th, 1913. Aug. 5th, 1952. 
Sept. 6th, 1945. July 30th, 1952. 


NEW TELEPHONE NUMBERS FOR THE SOCIETY. 


Attention is drawn to the change in the Society’s telephone numbers which are now 


Regent 0675/6. 


ELECTION OF NEW FELLOWS. 


The following 61 Candidates were elected Fellows of the Society on August 18th, 


1952: 


Albert Aebi. 
Ian Morrison Aitken. 
David Charles Ayres. 


Bhupesh Chandros Bhattacharjee. 


Arthur Ian Biggs. 

Joseph Maurice Blau. 
Raymond Clifford Bourgeois. 
David Buttimore. 
Malcolm Carnie Cobb. 
Alvin Jerome Cohen. 
Stuart Carlton Dickerman. 
Arthur Gordon Dowson. 
Sydney Albert Elks. 
Francis Samuel Facey. 
Ernest Fischer. 

John Frederick Ford. 

Roy Foster. 

David Lyon Garmaise. 
Samuel Gelfand. 

Arthur David Gibson. 
Richard S. Gordon. 
Martin Halmann. 

Neil Stewart Heath. 


Ronald James Montague Henry. 


Frank Richmond Hewegill. 
Robert William Hill. 

Eric Richard Inman. 
Arthur Derek Jarrett. 
John Milton Shaw Jarvie. 
William Kemp. 

Richard L. Kronenthal. 


RESEARCH FUND. 


Emil Lorz. 
Jaroslav Ludmila. 
Paul McCloskey. 
Joan Elizabeth McCormick. 
Ian McLauchlin. 
Clement Geoffrey Marley. 
Alex Meisels. 
Alistair Crerar Muir. 
Sailendra Mohan Mukheriji. 
Clifford Raymond Noll, jun. 
William Haldane Oliver. 
Bernard David Owen. 
Alfred Lauck Parson. 
Edward Alan Peters. 
— Roy Powell. 

avid Watkin Price. 
Aba Rembaum. 
Gerhard Schoning. 
Michael Henry Searby. 
John Sheldon Showell. 
Frederick L. J. Sixma. 
Antoine Francois Edmond Standaert. 
Ha William Steggles. 
Eric W. Stern. 
Ladislas Szabo. 
Donald Tate. 
Richard King Truelove. 
Lahut Uzman. 
Robert C, West, jun. 
John Lawson White. 


A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by 
the Council, are informed that reports must be received by the Society not later than 
November Ist, 1952. 

Applications for grants, to be made on forms obtainable from the General Secretary, 
must be received on or before November 15th, 1952. Applications from Fellows will 
receive prior consideration. 





128 


Attention is drawn to the fact that the income arising from the donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
inorganic and metallurgical chemistry, and that the income from the Perkin Memorial Fund 


is to be applied to investigations relating to problems connected with the coal-tar and 
allied industries. 


CORDAY-MORGAN MEDAL AND PRIZE. 


The Corday—Morgan Medal and Prize, consisting of a Silver Medal and a monetary Prize 
of 150 Guineas, is awarded annually to the chemist of either sex and of British Nationality, 
who, in the judgment of the Council of the Chemical Society, shall have published during 
the year in question the most meritorious contribution to experimental chemistry, and who 
shall not, at the date of publication, have attained the age of thirty-six years. The 
Council has power to suspend the award in any year in which no suitable candidate presents 
himself or is brought to the notice of the Council. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1951 must be received not later than December 31st, 1952, and applications for the Award 
for 1952 are due before the end of 1953. 


SECOND INTERNATIONAL CONGRESS ON RHEOLOGY. 


The Second International Congress on Rheology will be held at St. Hilda’s College, 
Oxford, from the evening of July 26th to the afternoon of July 31st, 1953. 

The Congress will cover the whole field of the study of the deformation and flow of 
matter, except such specialised subjects as have come to be regarded as branches of 
applied mechanics, e.g., the classical theory of elasticity, aerodynamics. 

Arrangements will be made for excursions, visits to Colleges, etc., during the Congress. 
The wives of rheologists are welcome. Accommodation will be provided in Colleges, or 
rooms in Oxford. Further details can be obtained from the Honorary Organising 
Secretary, Dr. G. W. Scott Blair, The University, Reading. 


CONFERENCE OF LEATHER CHEMISTS’ SOCIETIES—PRELIMINARY ANNOUNCE- 
MENT. 
The third Biennial Conference of Leather Chemists’ Societies, held under the auspices 
of the International Union of Leather Chemists’ Societies, will take place in Barcelona, 


Spain, September 13th-18th, 1953, athe invitation of the Spanish Association of Leather 
Trades’ Chemists. 


MEETINGS OUTSIDE LONDON 
AUSTRALIA. 


A joint meeting of the local Fellows of the Chemical Society and the Sydney University 
Chemical Society was held in the Chemistry Department of the University on Wednesday, 
August 13th, 1952, at 6.30 p.m., the occasion being the Centenary of the birth of the late 
Henry George Smith. A commemorative talk was given by Mr. W. J. Dunstan, to which 
were added personal reminiscences by friends and co-workers. On exhibition were 
original specimens of compounds from Australian plants which had been discovered, or 
investigated by Smith, notably piperitone, aromadendrone, cryptone, and australol. 

A lecture by Professor A. J. Birch dealt with some modern aspects of the elucidation 
of terpene structures, particularly the use of physical methods. The constitutions of two 
of Smith’s compounds, aromadendrene and tasmanone, were discussed in detail and 
probable formule assigned. 

A vote of thanks to the speakers, proposed by Mr. J. W. Hogarth and seconded by 
Professor R. J. W. Le Févre, was passed with acclamation. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for September, 1952. 
Such objections will be treated as confidential. The forms of application are available in the Library.) 


Barker, Sidney Alan, B.Sc. and Ph.D. (Birm.). British. 36, Elmbridge Road, Perry Barr, Birming- 
ham, 22B. Student at Birmingham University. Signed by: E. J. Bourne, L. L. Bircumshaw, 
R. H. Turnbull. 

Crawford, Victor Arthur, Ph.D. (S. Africa and Lond.). South African. Division of Chemistry, 
National Research Council, Ottawa, Canada. National Research Laboratories. Signed by: W. D. 
McFarlane, C. A. Coulson, E. D. Hughes. 

Davison, Peter Fitzgerald, B.Sc. (Lond.). British. 27, Broadwater Road, Tooting, S.W.17. Research 
Chemist at Royal Cancer Hospital, London, S.W.3. Signed by: J. A. V. Butler, B. E. Conway, 
F. Bergel. 

*Hill, David Lawrence. British. 15, Woodlands Gardens, Woodford New Road, Walthamstow, 
E.17. Student at South-West Essex Technical College. Signed by: A. Sidle, K. T. Seal, R. D. 
Langstaff. 

Makar, Saad Melek, M.Sc.Tech. (Alexandria). Egyptian. Faculty of Technology, Sackville Street, 
Manchester 1. Research Student. Signed by: G. Baddeley, G. Holt, H. T. Taylor. 

*Reid, Eric Vernon, A.R.I.C. British. 248, Sutherland Avenue, Welling, Kent. Assistant Works 
Chemist, with BICC, Ltd. Belvedere. Signed by: G. H. Jeffery, W. T. Cresswell, J. S. Coe. 
*Russell, John Alan, B.Sc. (Lond.). British. Montrose, Bevendean Avenue, W., Saltdean, Brighton, 

Sussex. Student. Signed by: R. J. Christmas, D. P. Veitch, T. J. Morrison. 

*Smith, Sylvia Doreen, B.Sc. (Lond.), A-R.I.C. British. 50, Godfrey Avenue, Whitton, Twickenham, 
Middlesex. Research Chemist with Parke, Davis & Co., Ltd., Hounslow. Signed by: D. S. 
Morris, J. F. Cavalla, R. Bowman. 

Schofield, Frank, B.Sc. (Lond.). British. 62, Lawrence Road, Marsh, Huddersfield, Yorks. 
Chemist. Signed by: T. L. Dawson, G. R. Ramage, C. V. Stead. 

Sims, Peter, Ph.D. (Lond.), A-R.C.S., D.I.C. British. 21, Malvern Road, Orpington, Kent 


Industrial 


Research 


Chemist at Royal Cancer Hospital, London, S.W.3. Signed by: D. Manson, B. E. Conway, T. S. 
Osdene. 


Sousa, Julian Bernard, B.Sc. (Hong Kong). British. Chemistry Department, University of Hong 


Kong. Demonstrator in Chemistry. Signed by: J. E. Driver, G. C. Israel, W. H. Hui. 

Spicer, George Stephen, B.Sc. (Lond.). British. 22, Nackington Road, Canterbury, Kent. 
Chemist. Signed by: G. J. Hunter, J. D. Strickland, L. J. Bellamy. 

*Tomlinson, Thomas Edmund, B.A. (Oxon.). British. 360, Wrailey Old Road, Blackburn, Lancs. 
Research Student. Signed by: H. Irving, L. E. Sutton, C. J. Danby. 

*Turner, James Charles Robin, B.A. (Cantab). British. Girton Corner, Cambridge. 
Student. Signed by: J. N. Agar, D. M. Agar, C. Kemball. 


Analytical 


Research 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


*Benis, Mohamed. Morroccan. Ecole Superieure de Chimie de Mulhouse, Mulhouse, France. Student. 
Signed by: J. S. Burgess. 

Boyd, Mary Lillian, M.Sc. (Manitoba), Ph.D. (McGill). Canadian. Department of Mines, 562, Booth 
Street, Ottawa, Ontario, Canada. Research Chemist. Signed by: A. K. Light, S. Bywater. 
Christensen, Burton Grant, B.S. (lowa State College). American. 2033, West Third Street, Waterloo, 

Iowa, U.S.A. Graduate Student. Signed by: T. D. Nevitt. 

Edwards, Joseph Daniel, jun., B.S. (Louisiana College), M.A. and Ph.D. (Texas). American. Medical 
Research Laboratory, Veterans Administration Hospital, 2002, Holcombe Boulevard, Houston, 
Texas, U.S.A. Assistant Professor at Baylor University College of Medicine. Signed by: R. 
Adams, N. J. Leonard. 

Passer, Moses, B.S. (Rochester), Ph.D. (Cornell). American. 1115, West Green Street, Apartment 118, 
Urbana, Illinois, U.S.A. Postdoctoral Research. Signed by: D. Y. Curtin. 

Pirani, Roberto, D.Chem. (Bologna). Italian. Soc. Montecatini-Brevetti e Documentazione Tecnica, 
via F. Turati, 18, Milan, Italy. Research Chemist. Signed by: G. Marullo. 

Tanaka, John, B.S. (California). American. Chemistry Department, Iowa State College, Ames, Iowa, 
U.S.A. Graduate Student. Signed by: G. S. Hammond, T. D. Nevitt. 

Schmutz, Jean, Dr.Phil. (Basle). Swiss. Viktoriastr. 25, Wabern (Bern), Switzerland. Research 
Chemist. Signed by: C. W. Shoppee. 


* Reduced subscription. 
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PAPERS RECEIVED 
(List of papers received between August 8th and September Ist, 1952.) 


“‘ The cyanoethylation of arylphosphines.’” By FREDERICK G. MANN and IAN T. MILLAR. 

“Friedel-Crafts reactions with m- and p-fluorotoluene.’” By Nc. Px. Buu-Hoi and Ne. D. 
XUONG. 

“‘ Molecular association of oxygen and aromatic compounds.”’ By D. F. Evans. 

‘‘ The preparation of alkylarylarsines.’” By FREDERICK G. MANN and BRYAN B. SMITH. 

“‘ The possible significance of Fenton’s reaction in relation to oxidations effected by enzyme 
systems.’’ By D. J. MACKINNON and WILLIAM A. WATERS. 

“‘ Stages in oxidations of organic compounds by potassium permanganate. Part I. The 
permanganate—manganate stage. Part II. The manganic—-manganous stage.’ By 
ALAN Y. DRUMMOND and WILLIAM A. WATERS. 

“The isomeric dithiacyclopentenethiones.’’ By FREDERICK CHALLENGER, ERNEST A. 
MASON, and (in part) ERNEsT C. HoLDSworRTH and ROBERT EMMOTT. 

“ Carcinogenic nitrogen compounds. Part XIV. Benzacridines, benzocarbazoles, and 
related compounds bearing ethyl and propyl groups.’”’ By Nc. Px. Buu-Hol, RENE 
ROYER, BERNARD ECKERT, and PIERRE JACQUIGNON. 

‘The condensation of 2 : 3-dichloro-1 : 4-naphthaquinone with naphthols.’’ By Ne. Pu. 
Buu-Hoi and P. DEMERSEMAN. 

“‘6-Aminosalicylic acid. The hydrolysis of 2-carboxy-3 : 2’: 4’-, -4:2':4’-, -5:2':4’-, 
and -6 : 2’: 4’-trinitrodipheny] ether.”’ By A. A. GOLDBERG and H. A. WALKER. 
‘The synthesis of trypanocides. Part I. Some pyrimidylaminoquinoline derivatives.” 

By P. A. BARRETT, (the late) F. H. S. Curp, and W. HEPwWorRTH. 

“The synthesis of trypanocides. Part II. 4-Amino-6-(2-amino-1 : 6-dimethylpyrimid- 
inium-4-amino)-1 : 2-dimethylquinolinium (‘ Antrycide ’) salts and related compounds.”’ 
By A. D. AINLEY, (the late) F. H. S. Curp, W. HEpwortu, A. G. Murray, and C. H. 
VASEY. 

“‘ Bromination of 2-methylnaphthalene.”’ By N. B. CHAPMAN and J. F. A. WILLIAMS. 

‘“ Molecular polarisation and molecular interaction. Part V. The apparent dipole moments 
of mesidine, aminodurene, and methylmesidine in benzene and dioxan solutions.”’ 
By J. W. Smita. 

““ meroCyanines derived from thio-oxindoles. Part II. meroCyanines having a tetra- 
methin, hexamethin, or a diazadimethin chain attached to the 3-thionaphthen nucleus.”’ 
By R. H. GLAVERT and FREDERICK G. MANN. 

“The stereochemistry of scopolamine.’’ By JERROLD MEINWALD. 

“‘ Friedel-Crafts succinoylation of anthracene. Synthesis of 1’-hydroxy- and 4’-hydroxy- 
| : 2-benzanthracene.’’ By (Miss) R. SCHOENTAL. 

“Stilbenes. Part I. Mechanism of formation of stilbenes from #-alkoxybenzaldehydes 
by the reducing action of sodium glycollate in glycols.’”” By WaApbIE TADROs and 
LABIB EKLADIUS. 

“ High-polymer solutions. Part II. The determination of number-average molecular 
weights from measurements of osmotic pressure.’”’ By ESME DUCKER, E. C. FIELLER, 
H. T. Hooxway, and R. TOWNSEND. 

‘“‘ The infra-red spectra of organophosphorus compounds. Part III. Aliphatic acids and 
compounds related to natural products.’’ By L. J. BELLAmy and L. BEECHER. 

“‘ Reactions of acetyl chloride with zirconium alkoxides.’”” By D. C. BRADLEY, F. M. 
ABD-EL HALIM, R. C. MEHROTRA, and W. WARDLAW. 

‘The action of alcohols on zirconium tetrachloride and zirconium chloride alkoxides.”’ 
By D. C. BRADLEY, F. M. ABD-EL Haim, R. C. MEHROTRA, and W. WARDLAW. 

“‘ Investigations of natural tannins. Part II. Condensation reactions between phenols 
and «f-unsaturated carbonyl compounds.’’ By Davip W. CLayTon, WILLIAM E. 
E.stow, and BERTIE C. PLATT. 
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‘‘ Binary and ternary mechanisms in the iodination of acetone.’’ By R. P. BELL and P 


JONES. 


“ Acylation and allied reactions catalysed by strong acids. Part VII. Evidence for the 


existence of sulphony] cations (R*SO,*).’’ By H. Burton and H. B. Hopkins. 


‘ The inhibition of acetaldehyde oxidation by hydrocarbons of various molecular structures.”’ 


By N. J. H. SMALL and A. R. UBBELOHDE. 


‘ The influence of molecular structure on the oxidation of aliphatic hydrocarbons."’ By 


N. J. H. SMALL and A. R. UBBELOHDE. 


‘ Studies on the structure of native poly-p-glutamic acid. Part III.’ By V. BRUCKNER, 


J. Kovacs, and H. Nacy. 


“‘ Synthesis of polymethylnaphthalenes.”’ By B. J. ABADIR, J. W. Cook, and D. T. Grsson. 


The crystal and molecular structure of octamethylnaphthalene. A non-planar naph- 
thalene derivative.’’ By D. M. DoNALDSON and J. MONTEATH ROBERTSON. 


‘The rates of hydrolysis of some acridine antimalarials.’”’ By D. Lit. HAmmick, S. F. 


Mason, and G. W. MEACOCK. 


‘Aromatic hydrocarbons. Part LXIV. 2: 3-6: 7-Dibenzofluoranthene.’’ By E. CLAR 


and D. G. STEWART. 
The isomerisation of deca-2 : 4-dienoic acid in presence of alkali at 180°.’’ By A. 
CRrossLey and T. P. HILpiTcH. 


‘Synthetic oestrogens related to triphenylethylene. Part IV.’’ By Wapre Tapros, 


YOUSSEF AKHNOOKH, and GAMIL AZIZ. 

Quaternary ammonium salts. Part IV. The cleavage of the ester group before decom 
position of the quaternary ammonium group. Quaternary ammonium salts of some 
as-diphenylethylenes.’’ By WaAptE TADROs and ALBERT LATIF. 


‘“ QOuinaldinyl chloride.’””, By D. Lt. HAMMICK AND A. M. ROE. 
‘“‘ Pyrazine derivatives, Part XIV, and Aspergillic acid, Part IV.’’ By J. J. GALLAGHER, 


G. T. NELBOLD, WILLIAM SHARP, and F. S. SPRING. 


“Synthesis of diaminoxanthones. Part I. The cyclodehydration of heteronuclear 


“e 


disubstituted 2-carboxydipheny] ethers.’” By A. A. GOLDBERG and H. A. WALKER. 

Diaminoxanthones. Part II. The nitration of xanthone and nitroxanthones.’’ By 
A. A. GOLDBERG and H. A. WALKER. 

Cobaltic acetate. Part II."’ By A. G. WHITE. 

The bromination of 6-acetonaphthalide.’’ By F. BELL. 

Correlations between monocyclic and polycyclic unsaturated compounds from molecular- 
rotation differences.’’ By JouHN A. MILLs. 


‘“‘ Alkylnaphthalenes. Part VIII.” By D. G. ANDERSON, J. C. Smit, and (in part) 


R. J. RALLINGS. 


‘ Reactions of «$-unsaturated cyclic aldehydes and ketones. Part X. (-+-)-trans-Pulegol 


and a (—)-pulegol from (+-)-pulegone.’’ By A. KILLEN MACBETH and J. S. SHANNON. 


‘“‘ Some peptides of lysine.””’ By S. G. WALEY and J. WATSON. 
‘‘ The infra-red spectra of some thioamides.’’ By M. Sr. C, FLett. 


« 


The mechanisms of the thermal decompositions of 1 : 4-dichlorobutane and 1: 1 : 2- 
trichloroethane.’” By R. J. WILLIAMs. 

The hydrates of naphthalene-f$-sulphonic acid.’’ By J. S. F. Git and M. J. THoRNTON. 

Some derivatives of 1 : 6-diazapyrene and 4 : 5-6 : 7-dibenzo-1 : 3-diazacyclohepta-2 : 4 : 6- 
triene.”’ By A. E. S. FArRFULL, D. A. PEAK, W. F. SHort, and T. 1. WATKINS. 

Three stereochemical notes.’’ By F. BELL. 


‘“‘ The interaction of quinolines and aldehydes and ketones.’’ By F. BELL. 


“e 


4:11: 12-Tribromofluoranthene.’’ By Net CAMPBELL, W. K. LEADILL, and J. F. K. 
WILSHIRE. 
Some reactions of 5-aminoacridine and related compounds.”’ By E. P. TAYLOR. 


‘““Thiophen derivatives of potential biological interest. Part III. The chemistry of 


5-substituted thiophen-2-aldehydes.’” By Nc. Px. Buu-Hoi, Nc. HoAn, and D. Lavir. 


‘ Trifluoroacetaldehyde.’’ By F. Brown and W. K. R. MuSGRAVE. 
‘* Ascaridole glycol anhydride.’” By M. Matic and D. A. Sutton. 
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Aza-derivatives of 8-hydroxyquinoline. 
aza-derivatives.” 


and GWEN J. THOMAS. 
“Urea and related compounds. 
sulphinyl and sulpheny! chlorides.” 


J. C. Evans. 
‘‘Organosilicon compounds. Part V. 
aluminium halides.” By C. EABORN. 


“‘ Kinetic studies in the phosphinyl chloride and chlorophosphonate series. 

By I. Dostrovsky and M. HALMANN. 

‘‘ Kinetic studies in the phosphinyl chloride and chlorophosphonate series. 
Reaction of ditsopropyl chlorophosphate with anionic reagents.” 


Solvolytic reactions.”’ 


and M. HALMANN. 


‘“‘ Kinetic studies in the phosphinyl chloride and chlorophosphonate series. 
By I. Dostrovsky and M. HALMANN. 


Reactions with amines.” 


Part I. 
By A. ALBERT and A. HAMPTON. 
‘“‘ Evidence of multiple branching in waxy maize starch.”’ 


Part II. 
By F. Kurzer. 
‘The infra-red absorption of asparagine and glutamine.” 


The preparation of mono- and di- 


By S. Peat, W. J. WHELAN, 


The reaction of arylureas with aromatic 


By MANSEL Davies and 


The reaction between organofluorosilanes and 


Part I. 


Part II. 
By I. Dostrovsky 


Part III. 


‘‘ Kinetic studies in the phosphinyl chloride and chlorophosphonate series. Part IV. 


General discussion.” 


By I. Dostrovsky and M. HALMANN. 





ADDITIONS TO 


I. Donations 
A. Books. 


Du Pont pE Nemours, E. I., & Co. 
Du Pont, the autobiography of an American 
enterprise. Published in commemoration of 
the 150th anniversary of the founding of the 
company on July 19, 1802. Wilmington 1952. 
pp. vi+ 138. ill. (Recd. 11/8/52.) 

From the Company. 

RHODES, JAMES ERIC WYNFIELD. Con- 
cise physical chemistry (for intermediate 
students). London 1952. pp. xv + 196. ill. 
12s. 6d. (Recd. 25/8/52.) 

From the Publishers : 
English Universities Press, Ltd. 

SANNIE, CHARLES, and SAUVAIN, HEN- 
RIETTE. Les couleurs des fleurs et des fruits; 
anthocyannes et flavones. Paris 1952. pp. 
fii] + 257. ill. (Mém. Muséum Nat. Hist. 
Naturelle, Série B, 1952, 2.) 1200 frs. (Recd. 
27/6/52.) 


B. Pamphlets. 


BLAINE, GEORGE. 
ation of absorbable 
1951.) pp. 8. ill. 
1951, 27.) 

Laminarin as a talcum powder substi- 
tute. [London 1951.) pp. 8. (From Med. 
Press, 1951, 226.) From the Institute of Sea- 

weed Research. 

PAKISTAN CHEMICAL SOCIETY. Progress 
of chemistry in West Pakistan. By BasHiR 
AuMaAD and I. D. CuuGutar. Lahore 1951. 
pp. 14. ill. From the Society. 


A comparative evalu- 
hzemostatics. [London 
(From Postgrad. Med. J., 


THE LIBRARY 


ROYAL INSTITUTE OF CHEMISTRY. Lec- 
tures, Monographs and Reports 1952, No. 3. 
The production of sulphuric acid from calcium 
sulphate. By W. L. BEDWELL. London 
[1952]. pp. 21. ill. [Two copies.] 

From the Institute. 

URE, ANDREW. The revenue in jeopardy 
from spurious chemistry, demonstrated in 
researches upon wood-spirit and vinous-spirit. 
London 1843. pp. 35. Bound with his The 
general malaria of London, and the peculiar 
malaria of Pimlico investigated and the means 
of their economical removal ascertained. 
London 1850. pp. 39. (Includes two original 
letters from Ure to T. W. Keates and two con- 
temporary newspaper cuttings.) 

From Dr. R. Child. 


Il. By Purchase 
A. Books. 


COHEN, KARL. The theory of isotope 
separation as applied to the large-scale pro- 
duction of U*5. Edited by GErorGE M. 
MurpHy. New York 1951. pp. xvili + 165. 
ill. (National Nuclear Energy Series.) 
McGraw-Hill. $2. (Recd. 12/8/52.) 

CoLta, FELIx. Le livre du parfumeur. 
Tournai 1947. pp. 780. ill. Casterman. 
1200 frs. Belges. (Recd. 13/8/52.) 

LEDERER, MICHAEL. Progrés récents de 
la chromatographie. Part 2. Chimie minérale. 
Paris 1952. pp. 131. ill. (Actualités Scienti- 
fiques et Industrielles.) Hermann. 29s. 
(Recd. 14/8/52.) 
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B. Pamphlets. 


AMERICAN SOCIETY FOR’ TESTING 
MATERIALS. Bibliography of photoelectric 
spectrophotometric methods of analysis for 
inorganic ions, covering the Analytical edition 
of Industrial and Engineering Chemistry, Vols. 
1—23, No. 10 (1951), and the Analyst, Vols. 
62—76, No. 906 (1951). Prepared by J. W. 
STILLMAN and E. C, Duntop. Philadelphia 
1952. pp. iii + 25. (Special Technical Pub- 
lication no. 125.) A.S.T.M. $1.50. 


Changes in characteristics of portland 
cement as exhibited by laboratory tests over 
the period 1904 to 1950. By H. F. Gonner- 


MAN and WILLIAM LerRcH. Presented... 
June 21, 1951. Philadelphia 1952. pp. iv + 
56. ill. (Special Technical Publication no. 
127.) A.S.T.M. §1. 

Papers on evaluation of soaps and 
detergents. Presented . . . March 19—20, 
1951. Philadelphia 1952. pp. v + 58. ill. 
(Special Technical Publication no. 115.) 
A.S.T.M. $1.50. 

Fuoss, RAYMOND M. The development 
of theoretical electrochemistry. State College, 
Pennsylvania 1948. pp. vi+ 24. (22nd 
Annual Priestley Lecture, Phi Lambda Upsilon 
and Department of Chemistry, Pennsylvania 
State College.) 18s. (Recd. 29/8/52.) 





LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY 


Aberdeen. R. H. Thomson, Ph.D., F.R.I.C., Chemistry Department, Old Aberdeen. 
Australia. T. Iredale, D.Sc., F.R.I.C., The University, Sydney, Australia. 


Birmingham. L. L. Bircumshaw, M.A., D.Sc., Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 


Bristol. F. H. Pollard, B.Sc., Ph.D., A.R.1.C., Chemistry Department, The Univer- 
sity, Woodland Road, Bristol. 


Cambridge. B. Lythgoe, Ph.D., Organic Chemistry Department, The University, 
Cambridge. 


Canada. W. D. McFarlane, M.A., Ph.D., The Laboratories, The Canadian Breweries 
Ltd., 496, Queen Street East, Toronto, 2, Canada. 


Ceylon. M. U. S. Sultanbawa, B.Sc., A.R.I.C., Department of Chemistry, The 
University, Colombo, Ceylon. 


Edinburgh. T. R. Bolam, D.Sc., Chemistry Department, King’s Buildings, West Mains 
Road, Edinburgh. 

Exeter. S. J. Gregg, Ph.D., A.R.C.S., F.R.I.C., Department of Chemistry, Washing- 
ton Singer Laboratories, Prince of Wales’ Road, Exeter. 


Glasgow. F. D. Gunstone, B.Sc., Ph.D., Chemistry Department, The University, 
Glasgow, W.2. 


Hull, Professor Brynmor Jones, Sc.D., Ph.D., F.R.1I.C., University College, Hull. 


India. Sir Shanti S. Bhatnagar, O.B.E., D.Sc., F.R.S., Secretary, Ministry of 
Natural Resources and Scientific Research, New Delhi, India. 


Irish Republic. V. C. Barry, D.Sc., F.R.I.C., Medical Research Council of Ireland, The 
Laboratories, Trinity College, Dublin. 


Leeds. P. A. Briscoe, B.Sc., A.R.I.C., Organic Chemistry Department, The Univer- 
sity, Leeds, 2. 
Liverpool. A. K. Holliday, B.Sc., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool. 
Pe L. A. Haddock, M.Sc., F.R.I.C., Imperial Chemical Industries, Ltd., 
Research Department, Widnes Laboratory, Widnes. 


Manchester. G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 


te M. A. T. Rogers, B.Sc., Ph.D., A.R.I.C., Imperial Chemical Industries, 
Ltd., Hexagon House, Blackley, Manchester. 


Newcastle and G. A. Swan, B.Sc., Ph.D., F.R.I.C., Department of Chemistry, King’s 
Durham. College, Newcastle-on-Tyne, 1. 


New Zealand. Professor F. G. Soper, C.B.E., D.Sc., Ph.D., F.R.I.C., University of Otago, 
Dunedin, New Zealand. 


Northern Iveland. H. Graham, D.Sc., A.R.I.C., 26, Malone Hill Park, Belfast. 


North Wales. W. Rogie Angus, M.A., D.Sc., Ph.D., F.R.I.C., Department of Chemistry, 
University College of North Wales, Bangor. 

Nottingham. D. O. Jordan, M.Sc., Ph.D., A.R.I.C., The University, University Park, 
Nottingham. 

Oxford. H. M. N. H. Irving, M.A., D.Phil., F.R.L.C., Inorganic Chemistry 
Laboratory, South Parks Road, Oxford. 


Pakistan. M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.I.C., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 


St. Andrews and H. T. Openshaw, M.A., D.Phil., Chemistry Department, United College, 
Dundee. St. Andrews. 


Sheffield. A. H. Lamberton, B.Sc., Ph.D., Chemistry Department, The University, 
Sheffield, 10. 


South Africa. Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, Univer- 
sity of Cape Town, Rondebosch, S. Africa. 
Southampton. K. R. Webb, B.Sc., Ph.D., A.R.I.C., University College, Southampton. 


South Wales. K. W. Sykes, M.A., B.Sc., D.Phil., Department of Chemistry, University 
College, Singleton Park, Swansea. 
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SCIENTIFIC MEETINGS DURING DECEMBER, 1952 
LONDON. 
Thursday, December 4th, 1952, at 7.30 p.m. 


Meeting for the reading of original papers. 


Thursday, December 18th, 1951, at 7.30 p.m. 
Meeting for the reading of original papers. 


ABERDEEN. 
Friday, December 5th, 1952, at 5.30 p.m.. 


Lecture, Chemistry in Higher Technological Education, by Dr. H. J. T. Elliagham, 
F.R.I.C. Joint meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry to be held in the Robert Gordon’s Technical College. 


BIRMINGHAM. 
Friday, December 5th, 1952, at 4.30 p.m. 


Lecture by Mr. B. H. Turpin (Quickfit and Quartz, Ltd.). Joint meeting with the 
University Chemical Society to be held in the Chemistry Lecture Theatre, The 
University, Edgbaston. 


BRISTOL. 


Thursday, December 4th, 1952, at 6.30 p.m. 


Lecture, Selection of Lubricants for Industrial Applications, by Dr. Priston. Joint 
meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry, to be held in the Chemistry Department of The University. 


EDINBURGH. 


Thursday, December 11th, 1952, at 7.30 p.m. 


Lecture, Adventures in Synthetic Fibres, by Dr. D. Traill. Joint meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry to be held 
in the North British Station Hotel. 


HULL. 
Thursday, December 11th, 1952, at 7.30 p.m. 


Lecture, Chemical Research at Harwell, by Dr. R. Spence, F.R.I.C. Joint 
meeting with the Royal Institute of Chemistry and University College Scientific 
Society to be held at University College. 





NORTHERN IRELAND. 
Wednesday, December 3rd, 1952, at 7.15 p.m. 


Jubilee Memorial Lecture of the Society of Chemical Industry, Textile Fibres 
Variations on Some Familiar Themes, by Mr. J. R. Whinfield, M.A., F.R.I.C. 
Joint meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry to be held in the Department of Agricultural Chemistry, Queen’s 
University, Belfast. 


NORTH WALES. 
Thursday, December 4th, 1952, at 5.45 p.m. 


Lecture, Some Recent Advances in the Chemistry of the Fluorine Compounds, by 
Professor H. J. Emeléus, D.Sc., F.R.S. Joint meeting with the Royal Institute 
of Chemistry and University College Chemical Society to be held in the Depart- 
ment of Chemistry, University College of North Wales, Bangor. 

ST. ANDREWS AND DUNDEE. 
Thursday, December 4th, 1952, at 5.15 p.m. 

Lecture, Some Recent Progress in the Synthesis of New Types of High Polymer 
Molecules, by Professor H. W. Melville, D.Sc., F.R.S. To be given in the 
Chemistry Department, University College, Dundee. 

SOUTHAMPTON. 
Friday, December 5th, 1952, at 7 p.m. 


Lecture, The Transfer of Hydrogen between Organic Compounds, by Professor 
R. P. Linstead, C.B.E., D.Sc., F.R.S. Joint meeting with the Portsmouth 


and District Chemical Society to be held at Portsmouth Municipal College. 





OFFICIAL ANNOUNCEMENTS 


DEATHS. 


The Council regrets to announce the death of the following Fellow : 


Colin Alfred Wylie (Wallasey) 


ELECTION OF NEW FELLOWS. 


The following 65 candidates were elected Fellows of the Society on September 15th, 


1952 : 
Richard James Adams. 
John Granville Baber. 
Jean Bernard Bachmann. 


Christopher Frederic Peter Bevington. 


Claude Titus Bishop. 
John Gary Blackman. 
Joseph Asher Blau. 
Gideon Blauer. 
Robert Edwin Booth. 
Clifford Briggs. 


Edward Francis Hussey Caldin. 


Walter Francis Castle. 
Geoffrey Gordon Clarke. 
John Hewlett Coates. 


Andrew Reginald Howard Cole. 


Dennis Michael Cropper. 
Ievan David. 

Stephen Davidson. 
Dimitrios Favis. 

Ralph Cecil Gould. 

Edna Patricia Greenburgh. 
Witold Henryk Gutt. 
Frank Alan Hart. 

Charles Thomas Hathaway. 
Gerald Arthur Heath. 
William Hunt Hodgson. 
Frank Woodall Hogan. 


Alexander James Napier Hope. 


Sylvia Huggins. 

Noel Sydney Hush. 
Morizo Ishidate. 

Robert William Jeffery. 
Ramesh Anandra Kapoor. 


GIFTS OF PUBLICATIONS. 


Elected. Died. 
Oct. 21st, 1943. Aug. 2l1st, 1952. 


Mohammad Surat Ali Khan. 
Gerald Wilfrid King. 
Maxwell James Lamond. 
Sherira Lewin. 

James Louis McPherson. 
Hector Martinez. 

Sheila Merrick. 

Lakshmi Kant Mishra. 

John William Mitchell. 

John Brian Mullin. 

Derrick Albert Frederick Munday. 
George Malcolm Nickson. 
Leslie Eleazer Orgel. 
Desmond O'Meara. 

Zinon Basil Papanastassiou. 
Stya Pal Popli. 

Frederick Leigh Pundsack. 
Bertram Irwin Rowland. 
Colin Archibald Russell. 
Paul Nels Rylander. 

Anne Seabrooke. 

Kewal Krishan Sharma. 
Philip S. Skell. 

Thomas Ree Steadman. 
Nehemia Sternberg. 
Frederick Hubert Campbell Stewart. 
Edward Collier Stivers. 
Solomon MacDonald Tancoo. 
Eric Vance. 

Burnham Sarle Walker. 
Haydn Windsor Richard Williams. 
Andrew Wright Yates. 


Acknowledgment is made of gifts of the Society’s publications from Mr. S. D. Forrester 
and Imperial Chemical Industries Limited. 


CORDAY-MORGAN MEDAL AND PRIZE. 


The Corday—Morgan Medal and Prize, consisting of a Silver Medal and a monetary 
Prize of 150 Guineas, is awarded annually to the chemist of either sex and of British 
Nationality, who, in the judgment of the Council of the Chemical Society, shall have 
published during the year in question the most meritorious contribution to experimental 
chemistry, and who shall not, at the date of publication, have attained the age of thirty-six 
years. The Council has power to suspend the award in any year in which no suitable 
candidate presents himself or is brought to the notice of the Council. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1951 must be received not later than December 31st, 1952, and applications for the Award 
for 1952 are due before the end of 1953. f 
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NOMENCLATURE OF ORGANO-PHOSPHORUS COMPOUNDS. 


As a result of consultations between Committees set up by the Chemical Society and 
by the American Chemical Society, a revised system of nomenclature for organo-phosphorus 
compounds has been agreed by the Publication Committee of the Chemical Society and 
the Council of the American Chemical Society. This will be adopted for all Chemical 
Society publications for manuscripts submitted in the future. The agreed Report will be 
published in the Editorial Nomenclature Report to be issued with the Index for the 1952 
Journal. In the meanwhile copies may be obtained (free) on application to the General 
Secretary. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for October, 1952. Such objections will 
be treated as confidential. The forms of application are available in the Library.) 


*Ballard, Denis George Harold, B.Sc. (Lond.). British. Courtaulds, Ltd., The Fundamental Research 
Laboratories, L¢wer Cookham Road, Maidenhead, Berks. Research Chemist. Signed by: A. D. 
Jenkins, S. G. Waley, J. Watson. 

Behr, Lyell C., B. Cfiem. (Minnesota), Ph.D. (Illinois). American. Chemistry Department, Mississippi 
State College, State College, Mississippi, U.S.A. Associate Professor of Chemistry. Signed by: 
D. Y. Curtin, N. J. Leonard, R. Adams. 

*Cobbett, William Graham, B.Sc. (Lond.). British. 168, Littleheath Road, Selsdon, South Croydon, 
Surrey. Research Student. Signed by: M. F. Ansell, D. M. Grove, P. M. G. Bavin. 

*Cusworth, David Charles, B.Sc. (Lond.). British. 1, Elmsleigh Avenue, Kenton, Middlesex, Research 
Assistant at University College, London. Signed by: K. R. Rees, S. P. Datta, B. T. Donovan. 

*De Acetis, William, jun., B.S. (Illinois), M.S. (Wisconsin). American. Chemistry Department, 
University of Wisconsin, Madison, Wisconsin, U.S.A. Graduate Student. Signedby: W. S. 
Johnson, S. Kraychy, R. Pappo. 

*Feiner, Henry. Polish. 22, Powis Square, Kensington, W. 11. Analytical Chemist. Signed by: 
C. P. Cole, A. G. Davies, H. R. Tietze. 

*Georgans, William Pendellis, B.Sc. (Sydney). Australian. 112a Anzac Pde., Kensington, Sydney, 
N.S.W., Australia. Industrial Chemist. Signed by: H. J. Gardiner, D. P. Craig, T. Iredale. 

*Higgs, William Victor, B.A. (Cantab). British. 131, Deleware Mansions, Deleware Road, London, 
W.9. Technical Assistant with British Celanese. Signed by: C.S. Woollard, A. J. Butterworth, 
T. N. Parkin. 

Iffland, Don Charles, B.S. (Adrian College), M.S. and Ph.D. (Purdue). American. Department of 
Chemistry, West Virginia University, Morgantown, West Virginia, U.S.A. Assistant Professor 
of Chemistry. Signed by: N. Kornblum, J. H. Brewster, F. E. Clark. 

*Ireland, Robert Ellsworth, B.A. (Amherst College), M.S. (Wisconsin). American. Chemistry Depart- 
ment, University of Wisconsin, Madison, Wisconsin, U.S.A. Graduate Student. Signed by: W. S. 
Johnson, S. Kraychy, R. Pappo. 

*Jones, Peter Michael Seaton. British. 6, Tyn-y-cae Grove, Rhiwbina, Cardiff, S. Wales. Student at 
University of Wales. Signed by: P. F. M. Paul, A. F. Williams, E. L. Jones. 

*Kirkham, Colin Harrison, B.Sc. (Lond.). British. 2, Cheapside, Brighton 1, Sussex. Signed by: N.H. 
Pratt, D. P. Veitch, E. D. Macklen. 

*Milligan, Brian, B.Sc. (Adelaide). Australian. Gorge Road, Athelstone, S. Australia. Student at 
University of Adelaide. Signed by: W.G. P. Robertson, J. S. Shannon, F. L. Winzor. ' 

*Parsons, Robert John. British. 17, Clarence Square, Brighton 1, Sussex. Research Chemist at Vinyl 
Products, Ltd., Carshalton. Signed by: G. E. F. Reynolds, W. P. Bailey, R. J. Christmas. 

Perry, Donald Dunham, A.M. and Ph.D. (Harvard). American. 42, Claremont Road, Scarsdale, New 
York, U.S.A. Research Associate at Ohio State University Research Foundation. Signed by: 
J. B. Armitage, M. Becker, D. M. Aten. 

*Rodig, Oscar Rudolf, B.S. (Rutgers). American. Chemistry Department, University of Wisconsin, 
Madison, Wisconsin, U.S.A. Graduate Student. Signed by: S. Kraychy, R. Pappo, W.S. Johnson. 

*Watson, Hugh Robert, B.Sc. (Lond). British. 133, Holmwood Road, Cheam, Surrey. Research 
Student. Signed by: E.C. Pickering, J. Goodspeed, J. T. Mills. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Beshara, Michael Desmond, B.A. (Cantab). Egyptian. 13, Rue Leverrier, Paris 6, France. Research 
Student at Centre National de la Recherche Scientifique. Signed by: A. J. Berry. 

Du Toit, Lakob Lourens, M.Sc. (Stellenbosch). South African. Experiment Station of the South 
African Sugar Association. Mount Edgecombe, Natal, South Africa. Chemist. Signed by: F. L. 
Warren, H. H. Dodds. 
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El Ghoroury, Mohamed Sayed Hussein, B.Sc. (Fouad Univ.). Egyptian. 46, Rue de la Sinne, 
Mulhouse (Ht. Rhin), France. Student at the Ecole Supérieure de Chimie de Mulhouse. Signed 
by: M. Benis. 

Eugster, Conrad Hans. Swiss. Ramistrasse 76, Universitat Ziirich, Switzerland. Research Assistant. 
Signed by: P. Karrer, T. W. Campbell. 

Lusebrink, Ted R., B.S. (Nevada). American. 56, Victory Lane, Concord, California, U.S.A. Chem. 
Technologist at Shell Oil Co. Signed by: L. H. Sommer. 

Miller, Israel, M.Sc. and Ph.D. (Jerusalem). Israeli. The Weizmann Institute, Rehovoth, Israel. 
Physical Chemist. Signed by: N. Sternberg. 


Moje, William, Ph.D. (California). American. E. I. du Pont, Electrochemicals Department, Niagara 
Falls, New York, U.S.A. Research Chemist. Signed by: D. Y. Curtin. 

Ourisson, Guy, Ph.D. (Harvard). French. 11, Rue Paul Louis Courier, Paris (VII), France. Attaché 
de Recherches, Centre National de la Recherche Scientifique. Signed by: D. H. R. Barton. 

*Parshall, George William, B.S. (Minnesota). American. 260-A Noyes Laboratory, University of 
Illinois, Urbana, Illinois, U.S.A. Student. Signed by: N. W. Thomas. 

Pinchas, Shraga, M.Sc., and Ph.D.(Hebrew University, Jerusalem). Israeli. The Weizmann Institute 
of Science, Rehovoth, Israel. Chemist. Signed by: D. H. Samuel. 

Pritchard, Ernest Thackeray, B.Sc. (Carleton College). Canadian. 53, Fulton Avenue, Ottawa, Ontario, 
Canada. Research Student at Dept. of Agricultural Chemistry, McGill University. Signed by: 
P. M. Laughton. 

Smith, Thomas Harry Francis, B.S. (Fordham Univ.). American. 912, East 27th Street, Paterson 3, 
New Jersey, U.S.A. Research Pharmacologist at Wallace Laboratories. Signed by: W. T. 
Holfeld. 


* Reduced Annual Subscription. 


PAPERS RECEIVED 


(List of Papers received between September 2nd and 25th, 1952) 


‘‘ A new reagent for the direct titrimetric determination of water.’’ By R. BELCHER and 
T. S. WEsT. 

‘‘ Colouring matters of the aphididz. Part VI. The glucosidic nature of protoaphin.”’ 
By B. R. Brown, T. EksTrAnpD, A. W. Jounson, S. F. MACDONALD, and A. R. Topp. 

‘“‘ Colouring matters of the aphidide. Part VII. Addition reactions of erythroaphin-/d.” 
By B. R. Brown, A. W. JoHnson, S. F. MACDONALD, J. R. QUAYLE, and A. R. Topp. 

‘“The chemistry of bivalent germanium compounds. Part III. The polarographic 
behaviour of bivalent germanium.’”’ By D. A. EVEREST. 

“The nature of the co-ordinate link. Part VII. Palladous complexes of stable cts- 
configuration.’’ By J. CHatt and R. G. WILKINs. 

“‘ Rotational isomerism in the succinic acid series.’” By G. D. BUCKLEY. 

“The determination of the surface tension and viscosity of liquid chlorine trifluoride.” 
By A. A. Banks, A. Davies, and A. J. RUDGE. 

“The structure of Fischer’s ‘ anhydrolactosazone’ and other anhydro-osazones.”’ By 
S. BAYNE. 

“‘ Synthesis of potential antibacterial agents. Part II. A pyrimidine analogue of chaul- 
moogric acid.’’ By T. D. Heyes and J. C. RoBERTs. 

“Experiments on the preparation of indolocarbazoles. Part V. The synthesis of 
indolo(3’ : 2’-1 : 2)carbazole and its 3-methyl derivatives.’’ By J. A. Hatt and 
S. G. P. PLANT. 

“The condensation of long-chain fatty acids with polysaccharides and proteins.’’ By 
A. S. Jones, M. A. G. KAYE, and M. STAcEy. 

“‘ The reduction of 3-chlorophthalic acid and of its three methyl esters.’’ By R. F. Birp 
and E. E. TURNER. 

“‘ Ditsopropyl] fluorophosphonate.”’” By A. H. Forp-Moorg, L. J. Lermit, and C. STRATFORD. 

“Heterocyclic nitrogen compounds. Part III. The condensation of phthalaldehydic 
acids and diamines.’’ By (Miss) E. F. M. STEPHENSON. 

‘ Olefinic acids. Part VIII. «-Bromocyclohexylideneacetic acid.’’ By D. D. E. NEWMAN 
and L. N. Owen. 
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“Olefinic acids. Part IX. «-Bromo-§-tert.-butyl- and «-bromo-$§-diphenyl-acrylic 
acids.”” By D. D. E. NEwMAN and L. N. Owen. 

“ Hyperconjugation. Part I, Conjugation and hyperconjugation energies.’’ By C. A. 
CouLsoN and V. A. CRAWFORD. 

‘““ Hyperconjugation. Part II. Charge distributions in propylene and some methylated 
benzenes.”’ By V. A. CRAWFORD. 

““ Hyperconjugation. Part III. Bathochromic shifts resulting from methyl substitution 
in conjugated systems.’’ By V. A. CRAWFORD. 

“Steroids. Part V. Oxidation of ergosteryl-p acetate 22: 23-dibromide.’’ By R. 
BUDZIAREK, R. STEVENSON, and F. S. SPRING. 

“The chemistry of extractives from hardwoods. Part X. The constitution of ferreirin 
and homoferreirin.”’ By F. E. Krne and K. G. NEILL. 

“‘ Experiments on the synthesis of aza-steroids. Part I.’’ By G. R. CLEMo. 

‘“ The hydrolysis of acid chlorides. Part III. The effect of p-substituents in 95% aqueous 
acetone.’’ By D. Brown and R. F. Hubs wy. 

‘““The mechanism of hydrolysis of acid chlorides. Part IV. Salt effects.’” By B. L. 
ARCHER, R. F. Hupson, and J. E. WARDILL. 

‘The isolation of «-spinasterol from colocynth.’’ By (Mrs.) B. HAMILTON and W. O. 
KERMACK. 

“‘ Natural derivatives of furan. Part I.’’ By A. J. Brrcu. 

““ New derivatives of 1 : 2-cyclopentenophenanthrene.’’ By G. M. BADGER, W. CARRUTHERS, 
and J. W. Cook. 

“Structural chemistry of the alkoxides. Part III. Secondary alkoxides of silicon, 
titanium, and zirconium.”’ By D. C. BRapLey, R. C. MEHROTRA, and W. WARDLAW. 

‘“‘ Phthalaldehydes and related compounds. Part I. The preparation of 3-formylopianic 
acid.’’ By J. J. Brown and G. T. NEWBOLD. 

‘““ Condensation products from rhodanine and keto-acids.’’ By G. G. ALLEN, D. MACLEAN, 
and G. T. NEWBOLD. 

“‘ Kestose; a trisaccharide formed from sucrose by yeast invertase.’’ By N. ALBON, 
D. J. Bett, P. H. BLANCHARD, D. Gross, and J. T. RUNDELL. 

“Steroids and Walden inversion. Part IX. Epimerisation at Cy,).’’ By J. ELtxs and 
C. W. SHOPPEE. 

“ Potential carcinogens. PartI. A®-Steroids.’’ By D. L. GARMAISE and C. W. SHOPPEE. 

“Steroids. Part IV. Solvolysis of epicholesteryl toluene-p-sulphonate and other steroid 
toluene-f-sulphonates.’’ By D. D. Evans and C. W. SHOPPEE. 

“Chemical constitution and ameebicidal action. Part II. Synthesis of 1-(1:2:3:4 
tetrahydro-6 : 7-dimethoxy-1-isoquinoly])-2-(1 : 2 : 3 : 4-tetrahydro-6 : 7-dimethoxy-2- 
methyl-1-isoquinolylmethyl)-butane and -pentane and other analogues of emetine.”’ 
By J. M.OsBonD. Biological note by J. D. FuLTon and D. F. SPOONER. 

‘“ The dissociation constants of thiosulphuric acid.’’ By F. M. Pace. 

‘“‘ Ethane oxidation and cool flames.’”’ By J. A. Gray. 

‘The chemistry of mould metabolites. Part I. Isolation and characterisation of a red 
pigment from Cortolus sanguineus (Fr.).’’ By G. W. K. CaviLt, B. J. RAvpu, J. R. 
TETAZ, and R. L. WERNER. 

“‘ Pyrimidine studies.’’ By D. J. BRown and L. N. SHorRT. 

‘* Some 10-substituted 1 : 3-dimethyl-2 : 9-diazaphenanthrene 9-oxides.’’ By S.B. HANSEN 
and V. PETROw. 

“Studies in molecular rearrangement. Part X. The reversible anionotropic system p- 
nitrophenylstyrylcarbinol—p-nitrostyrylphenylcarbinol.’’ By E. A. BRAUDE and E. S. 
WAIGHT. 

“ The kinetics of the oxidation of ethylene by nitrogen dioxide.’’ By T. L. CoTTRELL and 
T. E. GRAHAM. 

“* Experiments on the synthesis of substances related to the sterols. Part LI. Completion 
of the syntheses of androgenic hormones and of the cholesterol group of sterols.” 
By H. M. E. CARDWELL, J. W. CornFortH, S. R. Durr, HuGo HOLTERMANN, and SIR 
ROBERT ROBINSON. 
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‘Fermentation products of wheat germ. (a) Identification of methoxy- and 2: 6- 
dimethoxy-p-benzoquinone. (b) A note on the infra-red absorption of some quinones 
and 1 : 2-dicarbonyl compounds.’’ By D. J. CosGrove, D. G. H. Dantets, J. K. 
WHITEHEAD, and (in part) J. D. S. GOULDEN. 

‘ Alicyclic glycols. Part VIII. 1: 2-Bishydroxymethyleyclohexane."’ By G. A. HAGGis 
and L. N. OWEN. 

“ Alicyclic glycols. Part IX. 1: 3-Bishydroxymethyleyclohexane.’’ By G. A. HAGGIs 
and L. N. OWEN. 

‘ Alicyclic glycols. Part X. 1: 4-Bishydroxymethyleyclohexane.”’ By G. A. HaGGis 
and L. N. OWEN. 

‘“‘ Alicyclic glycols. Part XI. A chemical proof of the configurations of the 1 : 2-, 1: 3-, 
and 1 : 4-dimethylcyclohexanes, and of the 2-, 3-, and 4-methylcyclohexylmethanols.”’ 
By G. A. Haaais and L. N. OWEN. 

‘The Stobbe condensation with dimethyl homophthalate."’ By H. J. E. LOEWENTHAL 
and R. Pappo. 

‘The Friedel-Crafts acetylation of p-tert.-butyltoluene."’ By E. P. TAYLorR and G. E. 
Watts. 

‘Synthetic cestrogens. PartI. The synthesis of 2 : 3-di-p-hydroxyphenyl-2 : 3-dimethyl- 
butane, an isomer of hexeestrol.’’ By R. L. HUANG and FRANCIS MORSINGH. 

‘‘ Steroidal alkaloids. Part I. The functional groups of cevine.’’ By D. H. R. BARTON 
and J. F. EasTHAM. 

‘Chloramines as a source of iodine chloride. The preparation of iodo-phenols and 
-naphthols and iodo-aromatic ethers by means of a chloramine and an iodide.’’ By 
BRYNMOR JONES and EILEEN N. RICHARDSON. 

‘“‘ Methyl-substituted «$-unsaturated acids. Part I.’’ By P. C. JocELyN and N. POLGAR. 

‘* Alkyl-oxygen fission in carboxylic esters. Part XI. Reactions of secondary alcohols 
containing the 2 : 4 : 6-trimethoxypheny] radical.’’ By J. KENyon and R. F. Mason. 

‘* The basic reductive fission of sulphones.”’ By R. E. DABBy, J. KENYON, and R. F. Mason. 

‘‘ The reaction of diborane with the alkyl derivatives of some group vB elements.”’ By F. 
Hewitt and A. K. Ho.tipay. 

‘‘ Synthesis of oxazoles from ethyl acetoacetate. Ring-fission of some oxazole-5-carboxylic 
acids.’ By J. W. CoRNFORTH and (Mrs.) R. H. CORNFORTH. 

‘‘ The constitution of products formed from o-phenylenediamines and alloxan in neutral 
solution. Part Il. Rudy and Cramer’s ‘ bis-barbiturylidene ether’.”’ By F. E. 
KiNG and J. W. CLARK-LEwIs. 

‘“‘ Synthetical and stereochemical investigations of reduced cyclic bases. Part III. The 
synthetic cis- and trans-octahydroindoles and the anomalous exhaustive methylation 
products of the trans-base.’’ By F. E. Kine, (Miss) D. M. Bovey, K. G. Mason, 
and R. L. St. D. WHITEHEAD. 

‘“‘Lanosterol. Part XV. Some reactions of hydrocarbons in the lanosterol series.’’ By 
J. F. McGuie, M. K. PRADHAN, and W. A. Ross. 

‘‘ Thiophen derivatives of potential biological interest. Part IV. Tuberculostatic thiophen 
compounds.’’ By Nc. Px. Buu-Hofl, Ne. D. XUONG, RENE ROYER, and DENISE LavIt. 

‘‘ Ditellurium decafluoride.’’ By W. D. ENGLISH and J. W. DALE. 

‘“‘Stereochemistry of arylidene-cyanoacetic acids and -arylacetonitriles.'’ By WILSON 
BAKER and C. S. Howes. 

‘“‘ Preparation of cyclopentenones from the products of interaction of acid chlorides and 
olefins.’” By G. BADDELEY, H. T. TAYLOR, and (in part) W. PICKLEs. 

‘“‘ Influence of temperature on the spectrum of 9: 10-diphenylanthracene.”’ By J. C. D. 
BRAND and J. R. DAVIDSON. 

*‘ Wool wax. Part III. Synthesis of some iso-acids.”’ By F. W. Hovucen, D. ILsE, 
DonaALD A. Sutton, and J. P. DE. VILLIERs. 

‘“‘ The mechanism of the bromination of ethyl malonate.’’ By R. P. BELL and M. Spiro. 

‘“‘ The enzymic synthesis and degradation of starch. Part XVIII. The preparation and 
properties of the linear dextrins (maltodextrins) derived from amylose.’’ By W. J. 
WHELAN, J. M. BaILey, and (in part) P. J. P. RoBEerts. 
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““The enzymic synthesis and degradation of starch. 
By W. J. WHELAN and P. J. P. Roberts. 


a-amylase action.”’ 


Part XIX. The mechanism of 


‘“ The effects of substituents and solvents on the cis to trans change of azobenzene.’ By 
R. J. W. LE FEvre and (Miss) J. NortTHcorr. 


‘‘ Studies in peroxidase action. Part VIII. 


involving dechlorination.”’ 


‘ The heats of hydrolysis of some halides and oxyhalides of phosphorus.”’ 


and H. A. SKINNER. 


The oxidation of f-chloroaniline : a reaction 


By D. G. H. DANIELs and B. C. SAUNDERs. 
By T. CHARNLEY 





ADDITIONS TO THE LIBRARY 


I. Donations 
A. Books. 


BRITISH COKE RESEARCH ASSOCIATION. 
Coke Review. A bibliographical guide to 
published material of interest to the coking 
industry. No. 1, etc. London 1952+. 
(Reference.) From the Association. 

ASSOCIATION OF BRITISH CHEMICAL 
MANUFACTURERS. Safety rules for use in 
chemical works. Part 2. Detailed instruc- 
tions. London 1952. pp. ix + 282. (Reference.) 
25s. From the Association. 

Fujita, YASUJI. Fundamental studies of 
essential oils. Osaka 1951. pp. xv + 627. 
ill. (Ogawa Perfume Times, 1951, No. 202.) 
{In Japanese.] (Recd. 10/9/52.) 

From the Author. 

HoLMBOE, CARL FRED. Michael Faraday. 
Oslo 1943. pp. 191. ill. [In Norwegian.} 
H. Aschehoug & Co. (Recd. 18/9/52.) 

From The Faraday Society. 

KONGL. SVENSKA VETENSKAPSAKADEMIE. 
Arkiv fér Fysik. Band 3, etc. Stockholm 
1951—52+. (Reference.) 

From The Faraday Society. 

STEVENS, HENRY POTTER, and DONALD, 
MAXWELL Bruce. Rubber in chemical en- 
gineering. 2nd edition. London 1949. pp. 
(v] + 82. ill. From the Publishers : 

British Rubber Development Board. 

TEXTILE INSTITUTE. The development of 
some man-made fibres. Papers presented at 
the annual conference .. . 1951, by ALEx- 
ANDER ROBERT URQUHART, HORACE JAMES 
HEGAN, and GEOFFREY LoasBy. Manchester 


1952. pp. 79. ill. 
(Recd. 18/9/52.) 


The Institute. 12s. 6d. 
From The Faraday Society. 


B. Pamphlets. 


BRITISH RUBBER DEVELOPMENT Boarp. 
Natural rubber latex and its applications, 
No. 1. An introduction to its origin, pro- 
perties, and manufacture. By Henry P. 
STEVENS. London 1952. pp. 72. ill. 

From the Board. 

DIJKSTRA, RENGER. Imenen afgeleid van 
methylsulfonylacetoniteile. Groningen 1952. 
pp. [iv] + 72. ill. From the Author. 

UNITED STATES. Department of Commerce. 
National Bureau of Standards. Handbook 48. 
Control and removal of radioactive contamin- 
ation in laboratories. Washington, D.C. 1951. 
pp. iv + 24. 


II. By Purchase 


BIOCHEMICAL SOCIETY. Symposium No. 9. 
Lipid metabolism. A symposium held... 
on 16 February, 1952. Organized and edited 
by R. T. Witttams. Cambridge 1952. pp. 
fiv] + 102. ill, Cambridge Univ. Pr. 13s. 
(Recd. 10/9/52.) 

EIveEL, WILHELM. Thermochemical 
methods in silicate investigation. New Bruns- 
wick, N.J. 1952. pp. x + 152. ill. Rutgers 
Univ. Pr. $4.75. (Recd. 17/9/52.) 

KAINER, FRANZ. Kieselgur ihre Gewin- 
nung, Veredlung und Anwendung. 2nd ed. 
Stuttgart 1951. pp. xii + 283. ill. (Samm- 
lung chemischer und chemisch-technischer 
Vortrage, Neue Folge, Heft 32.) Enke. 
6ls. 6d. (Recd. 18/9/52.) 
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SCIENTIFIC MEETINGS DURING JANUARY, 1953 
LONDON. 
Thursday, January 22nd, 1953, at 7.30 p.m. 

Pedler Lecture, Discoveries among Conjugated Macrocyclic Compounds, by 
Professor R. P. Linstead, C.B.E., D.Sc., F.R.S. (The lecture will be illustrated 
by experiments and exhibits.) 

BIRMINGHAM. 
Friday, January 23rd, 1953, at 4.30 p.m. 

Lecture, Usnie Acid and its Derivatives, by Professor A. Robertson, M.A., Ph.D., 
F.R.S. Joint meeting with the University Chemical Society, to be held in the 
Chemistry Lecture Theatre, The University, Edgbaston. 

BRISTOL. 
Thursday, January 22nd, 1953, at 7 p.m. 

Lecture, Biogenesis of Carotenoids, by Dr. T. W. Goodwin. Joint meeting with the 
Royal Institute of Chemistry and the Society of Chemical Industry, to be held 
in the Chemistry Department of the University. 


Thursday, January 29th, 1953, at 7.15 p.m. 

Lecture, Progress in Hydrogen-bond Chemistry, by Professor L. Hunter, D.Sc. 
Joint meeting with the Royal Institute of Chemistry and the Society of 
Chemical Industry, to be held at the Gloucester Technical College. 

EDINBURGH. 
Thursday, January 15th, 1953, at 7.30 p.m. 

Lecture, Vitamin B,, and Related Factors, by Dr. E. Lester Smith. Joint meeting 
with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held at the Heriot-Watt College, Chambers Street. | 

GLASGOW. 


Friday, January 16th, 1953, at 7.15 p.m. 


Meeting for the reading of original papers. To be held at the Royal Technical 
College. 








HULL. 
Thursday, January 29th, 1953, at 6 p.m. 


Lecture by Dr. A. F. Wells. Joint meeting with the University College Scientific 
Society, to be held at the University College. 


IRISH REPUBLIC. 


Wednesday, January 14th, 1953, at 7.45 p.m. 


Lecture, The Use of Lithium Aluminium Hydride in Organic Chemistry, by Dr. 
Dermot. Twomey, M.Sc. Joint meeting with the Institute of Chemistry of 
Ireland to be held at the University College, Upper Merrion Street, Dublin. 


LEEDS. 
Monday, January 19th, 1953, at 6.30 p.m. 


Royal Institute of Chemistry Lecture, Some Peculiar Properties of Mineral Dusts, 
by Professor H. V. A. Briscoe, D.Sc., F.R.I.C. To be given in the Department 
of Chemistry, The University. (All Fellows are invited.) 


LIVERPOOL. 
Thursday, January 22nd, 1953, at 5 p.m. 


Lecture, Chemical Aspects of Drug Metabolism, by Professor R. T. Williams, D.Sc. 
Joint meeting with the University Chemical Society, the Royal Institute of 
Chemistry, the Society of Chemical Industry, and the British Association of 
Chemists, to be held in the Chemistry Lecture Theatre, The University. 


MANCHESTER. 


Thursday, January 27th, 1953, at 6.30 p.m. 


Meeting for the reading of original papers. To be held in the Robert Robinson 
Lecture Theatre, The University. 


NORTH WALES. 
Thursday, January 29th, 1953, at 5.30 p.m. 


Lecture, Reaction Mechanism and Molecular Geometry, by Professor C. W. Shoppee, 
D.Phil, Ph.D., D.Sc., F.R.I.C. Joint meeting with the University College 
Chemical Society to be held in the Edward Davies Chemical Laboratories, 
Aberystwyth. 


NOTTINGHAM. 
Monday, January 19th, 1953, at 5 p.m. 


Lecture, Resonance, by Professor C. A. Coulson, D.Sc., F.R.S. Joint meeting with 
the University College Chemical Society to be held at the University College, 
Leicester. 


Thursday, January 29th, 1953, at 4.45 p.m. 


Lecture, Experiments with Radioactive and Stable Isotopes, by Professor F. S. 
Dainton, M.A., Ph.D. Joint meeting with the University Chemical Society 
to be held at the University, Nottingham. 





ST. ANDREWS AND DUNDEE. 
Thursday, January 8th, 1953, at 5.15 p.m. 


Lecture, Some Aspects of Sorption, by Professor R. M. Barrer, D.Sc., F.R.LC. 
To be given in the Chemistry Department, University College, Dundee. 
Arranged by the Chemistry Department. (All Fellows are invited.) 


Friday, January 23rd, 1953, at 5.15 p.m. 


Lecture, Chromatography, by Dr. R. L. M. Synge, F.R.S. Joint meeting with St. 
Andrews University Chemical Society to be held in the Chemistry Department, 
United College, St. Andrews. 


Friday, January 30th, 1953, at 5.15 p.m. 


Official Meeting and Lecture, The Study of Combustion by the Method of Flash 
Photolysis, by Professor R. G. W. Norrish, Sc.D., F.R.S. To be held in the 
Chemistry Department, United College, St. Andrews. 


SOUTHAMPTON. 
Friday, January 23rd, 1953, at 5 p.m. 


Lecture, Chemical Reactions induced by Nuclear Radiations, by Professor F. S. 
Dainton, M.A., Ph.D. Joint meeting with the University Chemical Society 
and the Royal Institute of Chemistry to be held in the New Chemistry Building, 
The University. 








OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 
Samuel William Allworthy (Belfast) Feb. 12th, 1899. Sept. 13th, 1952. 
Arthur Busby (Greenford) Oct. 18th, 1951. Sept. 6th, 1952. 


ELECTION OF NEW FELLOWS. 
The following 22 Candidates were elected Fellows of the Society on October 16th, 1952 : 


Sidney Alan Barker. Eric Vernon Reid. 

Mohamed Benis. John Alan Russell. 

Mary Lilian Boyd. Jean Schmutz. 

Burton Grant Christensen. Frank Schofield. 

Victor Arthur Crawford. Peter Sims. 

Peter Fitzgerald Davison. Sylvia Doreen Smith. 
Joseph Daniel Edwards, jun. Julian Bernard Sousa. 
David Lawrence Hill. George Stephen Spicer. 

Saad Melek Makar. John Tanaka. 

Moses Passer. Thomas Edmund Tomlinson. 
Roberto Pirani. James Charles Robin Turner. 


BRITISH ABSTRACTS. 


During the last two years the cost of producing Abstracts has increased to such an 
extent that the Chemical Society and Society of Chemical Industry, which have in the past 
carried the responsibility of financing the Bureau of Abstracts, are no longer able to do 


this. 

The Chemical Council, which has helped the Societies by grants from funds provided 
by Industry in response to appeals, is making every effort to collect sufficient money to 
enable the production of Abstracts to continue ; but it is possible that the Council will not 
succeed, in which case the Bureau would have to suspend the publication of Abstracts 
after the end of 1952. 

However, it is hoped that the necessary financial assistance may be forthcoming to 
enable the publication of British Abstracts to continue. Fellows are invited, therefore, to 
indicate on the subscription renewal notice, now being despatched, the sections of Abstracts 
they wish to receive. 


GIFTS OF PUBLICATIONS. 

Acknowledgment is made of gifts of the Society’s publications from Messrs. J. L. Levy, 
A. J. Taylor, A. I. Tiffin, and G. Withers. 
LOCAL REPRESENTATIVES. 
(a) Australia. 

Professor A. J. Birch has been appointed as Local Representative for Australia in place 
of Dr. T. lredale, who has retired from this office. 
(b) New Zealand. 

Professor S. N. Slater has been appointed as Local Representative for New Zealand in 
place of Professor F. G. Soper, who has retired from this office. 
(c) Exeter. 


The resignation of Dr. S. J. Gregg as Local Representative for Exeter has been accepted 
with regret, and Dr. K. Schofield has been appointed as his successor. 
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PUBLICATION OF ANALYSES IN THE JOURNAL. 


The Publication Committee gives notice of the following change in procedure. When 
a series of analogous new compounds is prepared by the same or essentially the same method, 
analyses shall be published in the Journal for a few of the compounds only, provided that 
satisfactory analyses for all of them have been submitted for scrutiny by the referees, 
and that a note be appended to the paper specifying that this has been done. The un- 
published analyses will be retained by the Editor for reference later if required. The new 
practice will apply particularly to tables, but not necessarily only to tables. 


THE LIBRARY. 


The Library will close for the Christmas Holidays at 1 p.m. on Tuesday, December 23rd, 
and re-open at 10 a.m. on Monday, December 29th. 


SOCIEDAD ESPANOLA DE FISICA Y QUIMICA. 


Sir Eric Rideal has agreed to represent the Society at the 50th Anniversary celebrations 
of the Sociedad Espafiola de Fisica y Quimica to be held in April 1953 in Madrid. 


CORDAY-MORGAN MEDAL AND PRIZE. 


The Corday—Morgan Medal and Prize, consisting of a Silver Medal and a monetary 
Prize of 150 Guineas, is awarded annually to the chemist of either sex and of British 
Nationality, who, in the judgment of the Council of the Chemical Society, shall have 
published during the year in question the most meritorious contribution to experimental 
chemistry, and who shall not, at the date of publication, have attained the age of thirty- 
six years. The Council has power to suspend the award in any year in which no suitable 
candidate presents himself or is brought to the notice of the Council. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1951 must be received not later than December 31st, 1952, and applications for the Award 
for 1952 are due before the end of 1953. 


AWARDS. 


The attention of the Society has been drawn to the following awards : 


THE MELDOLA MEDAL, 1952 


This medal is the gift of the Society of Maccabaeans, and is normally awarded annually. 
The next award will be made early in 1953 to the chemist who, being a British subject and 
under 30 years of age at December 31st, 1952, shows the most promise, as indicated by his 
or her published chemical work brought to the notice of the Council of the Royal Institute 
of Chemistry before December 31st, 1952. 

No restrictions are placed upon the kind of chemical work or the place in which it is 
conducted. The merits of the work may be brought to the notice of the Council, either by 
persons who desire to recommend the candidate or by the candidate himself, by letter 
addressed to The President, Royal Institute of Chemistry, 30 Russell Square, London, 
W.C.1, the envelope being marked ‘‘ Meldola Medal.” 

The letter should be accompanied by a short statement on the candidate’s career 
(date of birth ; education and experience, degrees and other qualifications, special awards, 
etc., with dates) and by six copies of a list of references to papers or other works published 
by the candidate, independently or jointly. 


BEILBY MEMORIAL AWARD, 1952 


From the interest derived from the invested capital of the Sir George Beilby Memorial 
Fund, at intervals to be determined by the Administrators representing the Royal Institute 
of Chemistry, the Society of Chemical Industry, and the Institute of Metals, awards are 
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made to British investigators in science to mark appreciation of records of distinguished 
work. Preference is given to investigations relating to the special interests of Sir George 
Beilby, including problems connected with fuel economy, chemical engineering, and 
metallurgy, and awards are made, not on the result of any competition, but in recognition 
of continuous work of exceptional merit, bearing evidence of distinct advancement in 
science and practice. 

In general, awards are not applicable to workers of established repute, but are granted 
as an encouragement to younger men who have done original independent work of ex- 
ceptional merit over a period of years. 

The Administrators are empowered to make more than one award in a given year if 
work of sufficient merit by several candidates is brought to their notice. For 1951 two 
awards, each of one hundred guineas, were made to Dr. K. H. Jack and Dr. W. A. Wood. 

Consideration will be given to the making of an award or awards from the Fund early 
in 1953. Outstanding work of the nature indicated may be brought to the notice of the 
Administrators, either by persons who desire to recommend the candidate or by the 
candidate himself, not later than December 31st, 1952, by letter addressed to the Convenor 
of the Administrators, Sir George Beilby Memorial Fund, Royal Institute of Chemistry, 
30 Russell Square, London, W.C.1. 

The letter should be accompanied by a short statement on the candidate’s career (date 
of birth; education and experience, degrees and other qualifications, special awards, etc., 
with dates) and by eight copies of a list of references to papers or other works published by 
the candidate, independently or jointly. 


MINUTES OF SCIENTIFIC MEETINGS 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on October 16th, 1952, at 7.30 p.m. 


PROFESSOR R. P. LINSTEAD, C.B.E., D.Sc., F.R.S., Vice-President, was in the Chair, 
and conveyed the apologies of the President for absence owing to illness. The meeting 
expressed its best wishes for the speedy recovery of the President. 


MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on June 5th, 1952, 
circulated in the Proceedings for July, were taken as read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society: J. W. Ladbury, Joan E. Moule, 
N. Kornblum, E. A. Evans, J. H. Golden, R. F. Webb, C. Fox, J. S. Fitt, J. A. Blau, P. G. 
Blake, R. A. Webb, V. A. Kureshy, J. R. Powell, R. F. Collins, D. A. Munday, K. D. Hardy, 
R. D. Langstaff, K. T. Seal, D. Burn, W. Gutt, C. F. Blakely, A. W. Yates, G. Macdonell, 
M. C. Cobb. 


TILDEN LECTURE. 


After a brief introduction, the Chairman called upon Dr. D. H. R. Barton to deliver the 
Tilden Lecture entitled, “‘ The Stereochemistry of cycloHexane Derivatives.”” At the 
conclusion of the Lecture a vote of thanks to Dr. Barton, proposed by Sir Ian Heilbron, 
was carried with acclamation. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for November, 1952. Such objections will 
be treated as confidential. The forms of application are available in the Library.) 


*Ahmad, Rashid, M.Sc. (Panjab). Pakistani. Organic Chemistry Department, Imperial College, 
London, S.W.7. Research Student. Signed by: O. H. Wheeler, P. H. Gore, K. C. Hooper. 

Asperger, Smiljko, D.Sc. (Zagreb). Croatian. Farmaceutski fakultet, Kukoviéeva 1, Zagreb, Yugo- 
slavia. Lecturer in Physical Chemistry. Signed by: S. Miholic, H. Ivekovic, V. Thaller. 

*Baguley, Maurice Edward, B.Sc. (Lond.), A.R.C.S. British. 2, Ranelagh Avenue, Hurlingham, S.W.6. 
Student. Signed by: J. H. Golden, G. E. Ficken, M. Whalley. 

Bobko, Edward, B.S. (Western Reserve Univ.), Ph.D. (Northwestern). American. 1127, Grant Street, 
Evanston, Illinois, U.S.A. Chemistry Instructor. Signed by : E. W. Stern, L. C. King, H. L. Dryden. 

Brenner, Sydney, M.Sc., M.B., and B.Ch. (Witwatersrand). South African. Exeter College, Oxford. 
Student. Signed by: C. N. Hinshelwood, E. J. Bowen, C. J. Danby. 

*Britton, Sheila Doreen, B.Sc. (Lond.). British. 130, Hampton Road, Redland, Bristol 6. Research 
Student at University of Bristol. Signed by: W. Baker, J. F. W. McOmie, E. R. Sayer 

*Brunton, James Charles. B.Sc. (Lond.). British. 14 Tweedmouth Road, Plaistow, E.13. Research 
Student. Signed by: F. L. Allen, H. Suschitzky, G. V. Boyd 

*Chapman, Eric Alfred. British. 37, Waverley Avenue, Twickenham, Middlesex. Student at South- 
ampton University. Signed by: K. R. Webb, N. B. Chapman, E. Cartmell. 

*Davidson, John Stirton. British. 15, Ruskin Terrace, Glasgow, W.2. Student. Signed by: J. W. 
Cook, J. M. Robertson, S. H. Tucker. 

*Davies, Deryk Wynn. British. 8, Low-y-rhyd, Rhiwbina, Cardiff. Student at Brasenose College, 
Oxford. Signed by: H. Irving, D. Ll. Hammick, K. J. Morgan. 

Davies, James Fra’ cis, B.Sc. (St. Andrews). British. Thatched Cottage, Long Hanborough, Oxon 
Research Che.nist with Messrs. May & Baker, Dagenham. Signed by: H. T. Openshaw, D. Lloyd, 
A. R. Battersby. 

*Davis, Martin Arnold, B.Sc. (McGill). Canadian. London House, Guilford Street, London, W.C.1. 
Research Student. Signed by: W. J. Hickinbottom, M. F. Ansell, M. A. Crook 

*Fawcett, John Keith. British. 10, Ashurst Road, Tadworth, Surrey. Medical Laboratory Technician 
at the Surgical Unit, St. Mary’s Hospital, London, W.2. Signed by: J. N. Smith, D. V. Parke, 
L. Friedler. 

Gilbert, Herbert Lewis. British. 32, Hodgemoor Estate, Amersham, Bucks. Manager, Chemical & 
Dyestuff Division, Messrs. Hadfield & Turner, Ltd., London, W.C.1. Signed by: H. A. Berens, 
C. Schmeider, C. P. Percy. 

*Goodall, Amy Marie, B.Sc. (Lond.) British. 53, Burton Road, Kendal, Westmorland. Research 
Student at London University. Signed by: E. E. Turner, J. W. Smith, D. M. Hall 

*Hadley, Paul Richard, B.Sc. (Lond.). British. 72, Crown Road, Barkingside, Ilford, Essex. Student 
at S.E. Essex Technical College. Signed by: M. J. Birchenough, J. A. Leisten, F. A. Filby. 

*Hamblin, Antony John Hawthorn, B.Sc. (Bris.). British. 40, Panton Street, Cambridge. Post- 
Graduate Student. Signed by: F. H. Pollard, W. Baker, W. O. Ollis. 

*Hampton, Ronald Herbert Christopher. British. 69, College Hill Road, Harrow Weald, Middlesex. 
Student. Signed by: E.G. Cowley, W. Davey, S. C. Bevan. 

*Hill, Derek Leonard, B.Sc. (Lond.). British. 77, Melville Road, Walthamstow, E.17. Student. 
Signed by: C. Fox, R. D. Langstaff, R. G. Trewick, H. Holness, R. A. Tingey. 

*Jolliffe, Geoffrey Oliver, B.Pharm. (London.). British. 90, Turnham Green Terrace, Chiswick, W.4. 
Demonstrator in Pharmaceutical Chemistry. Signed by: A. H. Beckett, M. Dombrow, D. C. 
Harrod. 

*Kluiber, Rudolph W., B.S. (Illinois), M.S. (Columbia). American. 621, N. Lake, Madison, Wisconsin, 
U.S.A. Gruduate Student. Signed by: W.S. Johnson, S. Kraychy, R. Pappo. 

Lancaster-Jones, Eleanor Joyce, B.Sc. (Lond.). British. 189, Courthouse Road, Maidenhead, Berks. 
Librarian, Science and Engineering Dept., The British Council, London, W.1. Signed by: R. P. 
Linstead, G. I. Finch, G. M. Dyson. 

Lark, Prosper David, B.Sc. (N.S.W.). British. School of Applied Chemistry, N.S.W. University of 
Technology, Broadway, N.S.W., Australia. Lecturer. Signed by: A. E. Alexander, R.S. Nyholm, 
D. L. Angyal. 

*Larkworthy, Leslie Foot, B.Sc.(Lond.). British. Bentham Hall, Cartwright Gardens, London, W.C.1. 
Student at University College, London, W.C.1. Signed by: C. K. Ingold, E. D. Hughes, D. R. 
Llewellyn. 

Liu, Liang Huang, Ph.D. (Cornell), Chinese. 8438 Dexter Boulevard, Detroit 6, Michigan, U.S.A. 
Research Chemist. Signed by: J. Meinwald, D. F. De Tar, D. D. Phillips. 

*Machacek, Jaroslav Jan. Czechoslovak. 99, Lexham Gardens, London, W.8. Student. Signed by: 
A. M. James, J. F. J. Dippy, J. T. Young. 

*Mackenzie, John, B.Sc. (Edin.). British. 4, Springvalley Terrace, Edinburgh 10. Research Chemist. 
Signed by: T. R. Bolam, M. Ritchie, I. E. Climie. 

*McKie, Duncan, B.Sc. (Lond.). British. 18, Brookland Hill, London, N.W.11. Student. Signed 
by: H. Terrey, E. D. Hughes, C. K. Ingold. 
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*Manners, David John, B.A. and Ph.D. (Cantab.). British. Chemistry Department, Kings’ Buildings, 
Edinburgh 9. Lecturer. Signed by: E. L. Hirst, N. Campbell, L. J. Haynes. 

Merzer, Lew, B.Sc. (Brussels). British. 51, Waghorn Road, Kenton, Middlesex. Chief Chemist at 
Silica Gel, Ltd., Hounslow. Signed by: R. Campbell, J. A. Elvidge, W. T. Lockett. 

Mytum, Ernest, M.A. (Cantab.). British. 95, Hertford Road, East Finchley, N.2. Chief Chemist at 
Barnet-Ensign-Ross, Ltd., Signed by: H. D. Edwards, S. J. Palling, F. P. Doyle. 

*Penney, Derek Heden. British. 9, Clifton Road, Millbrook, Southampton. Lecture Assistant at the 
University, Southampton. Signed by: K. R. Webb, E. Cartmell, I. F. Ferguson. 

*Peto, Andrew George, B.Sc. (Lond.). 23, Avenue Road, London, N.W.8. Research Student at 
Imperial College. Signed by: H.S. El Khadem, J. S. Harding, L. N. Owen. 

Read, Francis Geoffrey. ritish. 7, Cardington Square, Hounslow, Middlesex. Assistant Development 
Chemist at Vitamins, Ltd., Hammersmith. Signed by: F.C. Scott, J. Green, H. A. Howship. 
Reeder, Frank, B.A. and B.Sc. (Oxon). British. 210, Daventry Road, Cheylesmore, Coventry. 

Research Chemist with Messrs. Courtaulds, Ltd. Signed by: I. F. Trotter, E. B. Uvarov, H. Paul. 

Reeves, Reginald Peter. British. Research Dept., Toni Division, Gillette Industries, Ltd., Gt. West 
Road, Isleworth, Middlesex. Assistant Research Chemist. Signed by: R. Frohnsdorff, D. S. 
Withey, F. J. Pinchin. 

Rittenberg, David, Ph.D. (Columbia). American. 630, W. 168 Street, New York City, U.S.A. Pro- 
fessor of Biochemistry at Columbia University. Signed by: E. Brand, H. T. Clarke, R. Bentley. 

Robertson, William, A.R.I.C. British. Messrs. Sandars & Co., Ltd., Lea Road, Gainsborough, Lincs. 
Analytical Chemist. Signed by: R.T. Potter, T. Moodie, R. G. M. Dakers. 

Sandeman, Ian, M.A., Ph.D., and D.Sc. (St. Andrews), F.R.S.E., F.Inst.P. British. 11, Arthog Drive, 
Hale, Cheshire. Technical Assistant, Research Department, I.C.I., Ltd., Manchester. Signed by: 
M. St. C. Flett, C. J. Brown, M. A. T. Rogers 

*Spiro, Michael, M.Sc. (N.Z.). British. Balliol College, Oxford. Research Student. Signed by: R. P. 
Bell, J. C. McCoubrey, J. R. Dunn. 

Stevens, Francis Percy, B.Sc. (Lond.), M.A. (Cantab). British. Imperial Chemical Industries, Ltd., 
Intelligence Department, Nobel House, Buckingham Gate, London, S.W.1. Intelligence Officer. 
Signed by: J. Rogers, W. A. Akers, C. J. J. Cronshaw. 

Stevenson, Herbert Aubrey, B.Sc. and Ph.D. (Lond.), A.R.I.C. British. 132, Cator Lane, Chilwell, 
Notts. Research Chemist. Signed by: W. F. Short, C. I. Broderick, D. A. Peak. 

*§tiehl, Roy Thomas, M.Sc. (Nebraska). American. 121, Noyes Laboratory, University of Illinois, 
Urbana, Illinois, U.S.A. Student. Signed by: D. Y. Curtin, J. K. Williams, M. Passer 

*Stolow, Nathan, B.Sc. (McGill), M.A. (Toronto). Canadian. Scientific Department, Courtauld Insti- 
tute of Art, London University, 20, Portman Square, London, W.1. Research Student. Signed by: 
E. D. Hughes, H. Terrey, A. Maccoll. 

Sudworth, Geoffrey Booth, B.Sc. (Lond.). A.R.I.C. British. 12, Sherringham Avenue, Feltham, 
Middlesex. Works Chemist at Macleans, Ltd., Great West Road, Brentford, Middlesex. Signed by: 
W. J. Parker, G. E. Hall, H. D. Segrove. 

*Sutcliffe, Martin Rowse. British. 22, Waterer Gardens, Burgh Heath, Tadworth, Surrey. Laboratory 
Assistant at Distillers Co., Ltd., Epsom. Signed by: J. T. Mills, J. Goodspeed, D. M. Cowan. 
*Wakeford, Brian Ralph. British. 15, Essex Road Chingford, E.4. Student at S.W. Essex Technical 

College. Signed by: A. B. Sidle, K. T. Seal, R. G. Trewick. 

*Williams, Alan. British. 59, West View Road, Barrow-in-Furness, Lancs. Laboratory Technician 
at Glaxo Laboratories, Ltd., Ulverston. Signed by: D.L. Harrison, C. Jackson, F. P. Harrigan. 
*Wiltshire, John Michael. British. 37, Lansdown Road, Gloucester. Assistant Works Chemist. 

Signed by: R. Harrison, M. E. Foss, C. G. Silcocks. 

Woodford, Anthony Reginald, B.Sc. (Lond.). British. Furzedown, Frost Lane, Hythe, Southampton. 

Chemist with Brush Crystal Co. Signed by: C. P. Fagan, H. J. Collins, W. Taylor. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


*Brice, Luther Kennedy, jun., B.A. (Harvard), M.A. (Dartmouth College). American. Chemistry 
Department, Duke University, Durham, North Carolina, U.S.A. Signed by: P. Wilder. 

Collinge, Harry Knight, B.Sc. (Lond.), A.R.C.S. Canadian. Apartment 108, 52, Academy Road, 
Westmount, Montreal 6, Quebec, Canada. Technical Specialist at Howard Smith Paper Mills, Ltd. 
Signed by: D.C. Lloyd, C. B. Purves. 

Davis, Pauls, Dipl. Chem. Dr.rer.nat. (Tubingen). Latvian. Room 6-432, Massachusetts Institute of 
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PAPERS RECEIVED 
(List of papers received between September 26th and October 24th, 1952.) 
““ Higher aliphatic compounds. Part X. A synthesis of tariric and petroselinic acids.”’ 
By P. B. Lums and J. C. Smita. 
“Some decompositions of benzeneazotriphenylmethane in presence of quinones.’’ By 
A. J. BETTERTON and WILLIAM A. WATERS. 
“ Preparation of N-substituted amidines.’’ By F. C. Cooper and M. W. PARTRIDGE. 
“Synthesis of di-(f-N-phenylamidinophenoxy)methane.”’ By F. C. Cooper and N. W. 
PARTRIDGE. 
ortho-Hydroxylation of phenols. Part II. Derivatives of catechol.’’ By J. D. Loupon 
and J. A. Scott. 
ortho-Hydroxylation of phenols. Part III. Derivatives of pyrogallol.’’ By J. D. 
Loupon and J. A. Scott. 
The dehydration and racemisation of N-acyl-L-aspartic acids by acetic anhydride.”’ By 
C. C. BARKER. 
The Schmidt reaction with triphenylmethanol, fluoren-9-ol, and diphenylmethanol.’’ By 
C. L. Arcus and R. J. MESLEY. 
“‘ The properties of freshly formed surfaces. Part XVIII. Dynamic surface potentials and 
the adsorption process; molecular orientation in soluble films of decyl alcohol.’’ By 
C. C. AppIson and D. LITHERLAND. 
“‘ The properties of freshly formed surfaces. Part XIX. Dynamic surface potentials and 
the desorption process; the spreading of decyl alcohol films.’’ By C. C. Appison and 
D. LITHERLAND. 
“The properties of freshly formed surfaces. Part XX. An examination of the use of 


dynamic surface potentials in the study of adsorption rates.’’ By C. C. Appison and 
D. LITHERLAND. 
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“ The properties of freshly formed surfaces. Part XXI. The influence of chain length and 
structure on the surface potentials of aqueous solutions of alcohols.’” By C. C. ADDISON 
and D. LITHERLAND. 

“ Oenanthotoxin and cicutoxin. [Isolation and structures.’”’ By E. F. L. J. ANet, B. 
LyTHGOE, M. H. SILk, and S. TRrippetr. 

“‘ The system silicon tetrafluoride-trimethylamine.’’ By C. J. WiLkins and D. K. GRANT. 

‘““ The reaction of ring-substituted cyclohexylamines with nitrous acid. An interpretation 
based on conformational analysis.’’ By J. A. MILLs. 

*‘ The inhibition of the influence of the nitro-group upon side-chain reactivity by resonance 
binding with an o-hydroxy!l group.’” By Yousser ISKANDER and ADIB SALAMA. 

‘“‘ The chemistry of the platinum metals. Part II. Fluoropalladates and fluoroplatinates.”’ 
By A. G. SHARPE. : 

‘The adaptation of some Bact. coli strains to utilise sucrose.’”’ By N. M. Mims and Sir 
CyRIL HINSHELWOOD. 

‘Some derivatives of $-pbenylserine. 
NAYLER. 

““ New syntheses of DL-tryptophan. Part I. Syntheses from ethyl «-aceto-$-3-indolylpro- 
pionate and ethyl «-cyano-$-3-indolylpropionate.’’ By D. O. HoLLANp and J. H. C. 
NAYLER. 

““New syntheses of DL-tryptophan. Part II. A synthesis from indole and 2-thio-5- 
thiazolidone.’” By D. O. HOLLAND and J. H. C. NAYLER. 

“ Triterpenoids. Part IX. The constitution of lanostadienol (lanosterol).’’ By C. S. 
BARNES, D. H. R. Barton, A. R. H. Cote, J. S. FAwcett, and B. R. THOMAs. 
‘“Triterpenoids. Part X. The stereochemistry of lanostadienol (lanosterol).’’ By C. S. 

BARNES, D. H. R. BARTON, J. S. FAWcETT, and B. R. THOMAs. 

“Studies on fructosans. Part IV. A fructosan from Dactylis glomerata.”’ By G. O. 
ASPINALL, E. L. Hirst, (the late) E.G. V. PERCIVAL, and R. G. J. TELFER. 

‘ Pteridine studies. Part IV. 4:6-and 4:7-Dihydroxypteridine.’”’ By ADRIEN ALBERT 
and D. J. Brown. 

‘“‘ The thermal decomposition of guanidine perchlorate. Part I. Reaction products and 
mechanism.’” By ABRAHAM GLASNER and ABRAHAM MAKOVKY. 

‘“‘ Melanin and its precursors. Part VI. Further syntheses of 5 : 6-dihydroxyindole and 
its derivatives.’’ By JoHN HARLEY-MASON. 

‘“‘ Experiments on the preparation of indolocarbazoles. Part VI. Compounds from two 
of the amino-l-phenylbenzotriazoles.’’ By A. R. Katritzxy and S. G. P. PLANT. 
“The electrochemistry of boron trifluoride co-ordination compounds. Part V. Boron 

trifluoride—n-alkyl acetates.’’ By N. N. GREENWoop and R. L. MARTIN. 

‘‘The electrochemistry of boron trifluoride co-ordination compounds. Part VI. The 
system boron trifluoride-methanol.’’ By N. N. GREENwoop and R. L. MARTIN. 

“‘ The structure of Schroeter’s yellow hydrocarbon.’’ By JOHN FREDERICK GROVE. 

“‘ The structure of the nitrenes.”’ By C. H. HAssALL and A. E. LIPPMAN. 

‘Synthetic plant hormones. Part I. Some esters of phosphoric acid.’” By (Miss) 
H. MAGUIRE and G. SHAW. 

‘The reactions of fatty molecules. Part II. A free-radical hypothesis and its applic- 
ation.’’ By G. PxiLip Gipson. 

‘“‘ The chemistry of 8-methylthionapthalene.’’ By Nc. Pu. Buu-Hoi, Nc. HoAn, and D. 
LavIt. 

‘* Reaction sequences in alcohol—boron trichloride-pyridine systems.’’ By M. F. LAPPERT. 

‘“‘ Properties of ion-exchange resins in relation to their structure. Part V. Exchange of 
organic cations.”’ By D. K. Hate, D. I. PACKHAM, and K. W. PEPPER. 

‘‘ Synthesis of 4-deoxy-L-ribose from D-lyxose.’’ By P. W. Kent and P. F. V. WARD. 

“The chemistry of the triterpenes. Part XVI. The action of hydrogen chloride on 
butyrospermol.”” By M. C. Dawson, T. G. Hatsatt, E. R. H. Jones, and P. A. 
ROBINS. 

‘“‘ The chemistry of the triterpenes. Part XVII. Some aspects of the chemistry of tetra- 
cyclic triterpenes.”” By M. C. Dawson, T. G. HALSALL, and R. E. H. SWAYNE. 
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“The chemistry of the triterpenes. Part XVIII. The further characterisation of poly- 
porenic acid C.”’ By A. Bowers, T. G. HALSALL, E. R. H. Jones, and A. J. Lemin. 

“The chlorostannates of dimethylketazine and certain hydrazones."” By W. PuGH and 
A. M. STEPHEN. 

“‘ The synthesis of thyroxine and related substances. Part XII. The preparation of some 
simple analogues of thyroxine.’’ By J. H. BARNEs, J. ELks, F. F. STEPHENS, and 
G. J. WALLER. 

‘““ Glycine peptides. Part I. The polymerization of 2 : 5-diketopiperazine at 180°."" By 
A. B. MEGGy. 

‘““ The polymerization of e-caprolactam.’’ By A. B. MEGGy. 

‘The photochemistry of selenium. Part III. Photogalvanic effects with red selenium.” 

By R. W. PITTMAN. 

‘The chemistry of humulene. Part III.’’ By J. O. HARRIs. 

“‘ Determination of electrokinetic charge and potential by the sedimentation method. 
Part III. Silica in some aqueous chloride solutions.’’ By C. I. DuLIN and G. A. H. 
ELTON. 

Molecular orbital calculations on benzoic acid.’’ By CARL M. MOSER. 

‘Solutions in sulphuric acid. Part XIIE. The electrical conductivity of solutions of 
hydrogen disulphates and the self-dissociation of sulphuric acid.’” By R. J. GILLESPIE 
and S. WASEF. 

““Eudesmic acid: its identity with 3:4: 5-trimethoxybenzoic acid."’ By A. J. BircH 
and (Mrs.) P. ELLIotTT. 

“ The volatile oil of Metrosideros scandens.” By A. J. BiRcH. 

Alkaloids of Daphnandra species. PartIV. Observations on repanduline.”’ By I. R. C. 
Bick, K. DoEBEL, W. I. TAYLOR, and A. R. Topp. 

“ Alkaloids of Daphnandra species. Part V. An examination of the alkaloidal content of 
D. micrantha and of D. tenuipes. Isolation of some minor Daphnandra alkaloids.”’ 
By I. R. C. Bick, W. I. TAYLor, and A. R. Topp. 

‘“‘ Alicyclic compounds. Part II. The preparation of cyclohexane-1 : 3-diones and their 
enol ethers.’” By Eric G. MEEK, J. H. TURNBULL, and WALTER WILSON. 

‘““ The unsaturation energies of aryloxy-radicals.”” By N.S. Hus. 

“The synthesis of sugars from simpler substances. Part V. Enzymic synthesis of sedo- 
heptulose.’’ By L. HouGuH and J. K. N. JONEs. 

‘Steroids. Part VI. The reduction of ergosteryl-D acetate 22 : 23-dibromide.’’ By 

RICHARD BUDZIAREK, FRANCIS JOHNSON, and F. S. SPRING. 

‘“ The action of acyl cyanides on 2- and 1 : 2-substituted indoles.’’ By A. K. KIAnG and 
FREDERICK G. MANN. 

‘The kinetics of aromatic substitution. Part IX. Relative reactivities of mono-sub- 

stituted benzenes.’’ By P. W. Ropertson, P. B. D. DE LA MARE, and B. E. SWEDLUND. 

“‘ Reactions of fluorocarbon radicals. Part VIII. The ionisation constant of yyy-trifluoro- 
crotonic acid.’” By R. N. HASZELDINE. 

“Peptides. Part IV. Selective removal of the C-terminal residue as a thiohydantoin. 
The use of diphenyl zsothiocyanophosphonate.’’ By G. W. KENNER, H. G. KHORANA, 
and R. J. STEDMAN. 

“‘ Cyclic meso-ionic compounds. Part V. With a description of a heterodyne capacitance 
meter for dielectric constant measurements in the range 2—3.’”’ By R. A. W. HILt and 
L. E. Sutton. 

‘ w-2’-Furylalkane derivatives.”’ By R. J. RALLINGs and J. C. SMITH. 

“Cinnolines. Part XXX. The nature of the C;g-position. Part II. The synthesis of 
3-methyl-, 3-chloro-, and 3-bromo-cinnoline ; also of cinnoline and the Bz-nitro- 
cinnolines.’’ By E. J. ALForD and K. SCHOFIELD. 

“‘The use of sodamide in preparation of 1-2’- and 1-3’-pyridylethanols.””’ By A. J. NUNN 
and K. SCHOFIELD. 

“* An improved preparation of phenanthridine.’””’ By D. W. OCKENDEN and K. SCHOFIELD. 

‘““ A new synthesis of cystine and lanthionine.’”’ By R. O. ATKINSON, F. POPPLESDORF, 
and G. WILLIAMS. 
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ADDITIONS TO THE LIBRARY 


I. Donations 
A. Books. 

BERL, ERNST. Editor. Chemisch-tech- 
nische Untersuchungsmethoden. Vols. 1; 2, 
Parts i and ii. Berlin 1931—32. pp. 1+ 
1260; lx + 878; iv, 879 to 1795. ill. 

From Dr. C. E. Dent. 
Department of Mines and Tech- 
nical Surveys. Mines Branch. Memorandum 
Series, No. 118. Sulphur and pyrites in 
Canada. By T. H. Janes. Ottawa 1952. 
pp. [ii] + 103. (Recd. 3/10/52.) 

—— Report No. 831. Analyses of 

Canadian coals and peat fuels, with appendix 

containing supplementary coal ash chemical 

analyses. By J. H.H. Nicotts. Ottawa 1952. 
pp. v + 409. (Recd. 13/10/52.) 

From the Branch. 

CONGRES DE CHIMIE BIOLOGIQUE, 8th, 
Paris, 1948. Vol. 1. Compte rendu général 
du congrés; Conférences. Vol. 2. Com- 
munications. Paris 1948—49. pp. 241; 558. 
ill. (Supplements to Bull. Soc. Chim. Biol., 
1948, 30; 1949, 31.) (Reference.) 

From the Biochemical Society. 

JoRDAN, Louris ARNOLD. Editor. Oils 
for the paint industry; a comprehensive 


CANADA. 


review of natural drying and semi-drying oils 


for use in paint manufacture including new 
experimental studies. Report on the evidence 
given to the Board of Trade by the industry 
members of a discussion group . . . Tedding- 
ton 1951. pp. 264. ill. 35s. (Recd. 2/10/52.) 
From the Publishers : The Research Associ- 
ation of British Paint, Colour, and Varnish 
Manufacturers. 
KINGZETT, CHARLES THOMAS. Chemical 
encyclopaedia; a digest of chemistry and its 
industrial applications. 8th edition, edited by 
RavpH K. Strone. London 1952. pp. xii + 
1186. ill. (Reference.) 70s. 
From the Publishers : 
Messrs. Bailliére, Tindall & Cox. 
LATIMER, WENDELL MITCHELL. The 
oxidation states of the elernents and their 
potentials in aqueous solutions. 2nd edition. 
New York 1952. pp. xvii + 392. ill. Pren- 
tice-Hall. 42s. (Recd. 21/10/52.) 
From the London Publishers : 
Messrs. Constable Co. 
MANN, FREDERICK GEORGE, and 
SAUNDERS, BERNARD CHARLES. Practical 
organic chemistry. 3rd edition. London 
1952. pp. xv+ 466. ill. 18s. (Recd. 
10/10/52.) From the Publishers : 
Messrs. Longmans, Green & Co. 
NATIONAL PHYSICAL LABORATORY. Re- 
cent developments and techniques in the main- 


tenance of standards. Proceedings of a sym- 
posium held . . . May, 1951. London 1952. 
pp. iv+ 100. ill. H.M.S.O. 4s. 6d. (Recd. 
15/10/52.) From the Faraday Society. 
READ, JOHN. Che'cos’é la chimica organica. 
Translated by GABRIELE ILLUMINATI. Milano 
1952. pp. 273. ill. (Aventure del Pensiero, 
Vol. 83.) Bompiani. (Recd. 24/9/52.) 
From the Author. 
REMINGTON, JOHN STEWART, and FRAN- 
CIs, WILFRID. The composition and assaying 
of minerals. London 1952. pp. viii + 128. 
ill. 17s. 6d. (Recd. 30/9/52.) 
From the Publishers : 
The Technical Press, Ltd. 
DYERS AND COLOURISTS. 
Fibrous proteins. Proceedings of a 
posium held... May, 1946. 
1947.] pp. ix+ 220. ill. The 
5. 6d. (Recd. 24/9/52.) 
From Dr. T. H. Morton. 
STANDARDIZATION OF TAR PRODUCTS 
TESTS COMMITTEE. Standard methods for 
testing tar and its products. 3rd edition. 
London 1950. pp. x+ 470. ill. 30s. 
(Recd. 8/10/52.) From the Committee. 
TENNESSEE VALLEY AUTHORITY. Chemi- 
cal Engineering Report No. 3. Production of 
elemental phosphorus by the electric-furnace 
method. By R. B. Burt and J. C. BARBER. 
Wilson Dam 1952. pp. xii+ 312. ill. 
(Recd. 2/10/52.) From the Authority. 
U.S.S.R. Academy of Sciences. Proceedings 
of the Conference on Analytical Chemistry. 
Vols. 1—3. Moscow 1947—5l. (Reference.) 
[In Russian.] From the Bureau of Abstracts. 
U.S. Department of Agriculture. Agricultural 
Reseavch Administration. Bureau of Agricul- 
tural and Industrial Chemistry. Abstract 
bibliography of the chemistry and technology 
of tung products, 1875—1950. 4 vols. Com- 
piled by Ratpu W. PLaANcK, FRANK C. Pack 
and Dorotuy B. Skau. New Orleans 1952. 
pp. vii + 235; 236 to 466; [iij, 467 to 666; [ii], 
667 to 816. (Reference.) From the Southern 
Regional Research Laboratory. 
VELLUZ, LON [and others}. Substances 
naturelles de synthése; préparations et 
méthodes de laboratoire. Vol. 4. Paris 
1952. pp. [v] + 165. ill. 1,800 frs. (Recd. 
24/10/52.) From the Publishers : 
Messrs. Masson & Cie. 
VIOLETTE, J. H. M., and ARCHAMBAULT, 
P. J. Dictionnaire des analyses chimiques ; 
ou, Répertoire alphabétique des analyses de 
tous les corps naturels et artificiels . . . 2 vols. 
Paris 1851. pp. vii + 528; [ii] + 446. (Re- 
ference.) From Dr. R. Child. 
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B. Pamphlets. 


FRITZ, JAMES S. 
nonaqueous solvents. 
pp. viii + 47. ill. 

From the G. Frederick Smith Chemical Co. 

GURR, GEORGE THOMAS. Biological stain- 
ing methods. 5th edition. London 1952. 
pp. vii + 87. ill. G. T. Gurr, Ltd. 5s. 

From the Author. 

INDIAN INSTITUTE OF SCIENCE. Depart- 
ment of Organic Chemistry. A souvenir pre- 
sented to Professor Praphulla Chandra Guha 
on his retirement from the . . . Institute... 
June 28, 1952. [Biographical sketch and re- 
searches.}| Bangalore [1952]. pp. iv + 46. 
ill. 

From the Farewell Celebrations Committee. 

MINISTRY OF SUPPLY. Atomic Energy Re- 
search Establishment. The analysis of uran- 
ium-—tantalum and uranium-niobium alloys. 
By G. W. C. MILNER and A. J. Woop. Har- 
well 1952. pp. [ii + 13]. 

—_— —— The chemical manipulation of 200- 
gram amounts of irradiated thallium at the 
activity level of about 5 Curies of T1*°*. The 
reaction T]®°%(n, p)Hg**. By W. J. ARROL, 
J. Cuapwick [and] J. Eakins. Harwell 1952. 
pp. 7. ill. From the Bureau of Abstracts. 

NATIONAL COAL BOARD. Scientific Depart- 
ment. Research Paper No. 1. The use of 
PVC in the manufacture of non-inflammable 
conveyor belts. By J. T. Barcray. London 
1952. pp. [ii] + 10. From the Board. 

TRAVERS, MorRRIS WILLIAM. William 
Ramsay and University College London, 
1852—1952. [London 1952.) pp. [ii] + 29. 
ill. From Col. F. J. Griffin. 


Acid-base titrations in 
Columbus, Ohio 1952. 


II. By Purchase 


ALLIS, WILLIAM P., and HERLIN, MELVIN 
A. Thermodynamics and statistical mechanics. 


New York 1952. pp. viii + 239. ill. (Inter- 
national Series in Pure and Applied Physics.) 
McGraw-Hill. $6. (Recd. 16/10/52.) 

BESSELIEVRE, EDMUND B. Industrial 
waste treatment. New York 1952. pp. ix + 
391. ill. McGraw-Hill. $7. (Recd. 16/10/52.) 

Boum, DAviID. Quantum theory. New 
York 1951. pp. ix + 646. ill. Prentice-Hall. 
45s. (Recd. 27/10/52.) 

BounDy, Ray HAROLD [and others]. 
Editors. Styrene, its polymers, copolymers 
and derivatives. New York 1952. pp. xxii + 
1304. ill. (American Chemical Society Mono- 
graph _ Series.) Reinhold. $20. (Recd. 
26/9/52.) 

Conn, G. K. T., and BRADSHAW, F. J. 
Editors. Polarized light in metallography. 


[Prepared for the Optical Methods Sub-com- 
mittee of the British Iron & Steel Research 
Association.} London 1952. pp. xi + 130. 
ill. Butterworth. 21s. (Recd. 16/10/52.) 

Cook, GERALD BERNARD, and DUNCAN, 
JAMES FRANCIS. Modern radiochemical prac- 
tice. London 1952. pp. xx + 407. ill. 
Oxford Univ. Pr. 42s. (Recd. 16/10/52.) 

EMELEvusS, HARRY JULIUS, and ANDERSON, 
JouHN STUART. Modern aspects of inorganic 
chemistry. 2nd edition. London 1952. pp. 
xi + 557. ill. Routledge. 35s. (Recd. 
16/10/52.) 

GOODWIN, TREVOR WALWORTH. The 
comparative biochemistry of the carotenoids. 
London 1952. pp. x + 356. ill. Chapman 
& Hall. 50s. (Recd. 27/10/52.) 

GRAVES, ALVIN C., and FROMAN, DAROL 
K. Editors. Miscellaneous physical and 
chemical techniques of the Los Alamos pro- 
ject; experimental techniques. New York 
1952. pp. xiii + 323. ill. (National Nuclear 
Energy Series.) McGraw-Hill. $4. (Recd. 
16/10/52.) 

GUINIER, ANDRE. X-Ray crystallographic 
technology. Translated by T. L. TIpPELL 
from Radiocristallographie, 1945. Edited by 
KATHLEEN LonspDALE. London 1952. pp. 
xiii + 330. ill. Hilger & Watts. 56s. (Recd. 
16/10/52.) 

HALL, ARCHIBALD JOHN. Editor. Modern 
textile auxiliaries. Manchester 1952. pp. 
xii + 200. (Reference.) Thomas Skinner. 
21s. (Reed. 16/10/52.) 

HAMMARSTEN, OLOF. Physiologische 
Chemie; ein Lehr- und Handbuch fiir Arzte, 
Biologen und Chemiker. Bd. 1. Die Stoffe. 
Edited by B. FLASCHENTRAGER and E. 
LEHNARTZ. Berlin 1951. pp. viii + 1600. 
ill. Springer. {£17 6s. 6d. (Recd. 12/6/52.) 

HARVEY, EDMUND NEWTON. Biolumin- 
escence. New York 1952. pp. xvi + 649. 
ill. Academic Pr. $13. (Recd. 16/10/52.) 

KOLsTER, T. A. Technical dictionary, 
English-Spanish, Spanish-English. Caracas 
[1952 ?]. pp. [402]. (Reference.) The Author. 
45s. 

KOLTHOFF, ISAAK MAURITS, and LINGANE, 
JAMES J. Polarography. 2ndedition. Vol. 1. 
Theoretical principles, instrumentation and 
technique. Vol. 2. Inorganic polarography, 
organic polarography, biological applications, 
amperometric titrations. New York 1952. 
pp. xvii + 420; xvii, 421 to 990. ill. Inter- 
science. $20. (Recd. 16/10/52; 27/10/52.) 

KruyT, H. R. Editor. Colloid science. 
Vol. 1. Irreversible systems. Amsterdam 
1952. pp. xx + 389. ill. Elsevier. 70s. 
(Recd. 22/10/52.) 





156 


LABORATORY PRACTICE. 
London 1952 +. (Reference.) 
Press. 45s. per annum. 

LEICESTER, HENRY 
KLICKSTEIN, HERBERT S. 
chemistry, 1400—1900. 
pp. xvi-+ 554. ill. 
(Recd. 16/10/52.) 

LUMSDEN, JOHN. Thermodynamics of 
alloys. London 1952. pp. xv + 384. ill. 
(Institute of Metals, Monograph and Report 
Series, No. 11.) The Institute. 35s. (Recd. 
16/10/52.) 

McELroy, WILLIAM D., and GLAss, 
BENTLY. Editors. Copper metabolism; a 
symposium on animal, plant, and soil relation- 
ships, sponsored by the McCollum-Pratt Insti- 
tute of the Johns Hopkins University. Balti- 
more 1950. pp. viii + 443. ill. Johns Hop- 
kins Pr. 48s. (Recd. 16/10/52.) 

MEETHAM, A. R. 
its origins and prevention. 
pp. viii+ 268. ill, Pergamon Pr. 
(Recd. 27/10/52.) 

MERCK & Co. 
cals and drugs. 


Vol. 1, etc. 
United Trade 


MARSHALL, and 

A source book in 
New York 1952. 
McGraw-Hill. $s. 


Atmospheric pollution, 
London 1952. 
35s. 


The Merck index of chemi- 
6th edition. Rahway, N.J. 


1952. pp. xiv + 1167. The 
Company. $8.50. 

MINISTRY OF SUPPLY. Selected Govern- 
ment Research Reports, Vol. 3. Protection 
and electrodeposition of metals. London 1951. 
pp. v+ 350. ill H.M.S.O. 30s. (Recd. 
16/10/52.) 

- ——Vol. 9. Powder 
London 1951. pp. iv + 159. ill. 
18s. (Recd. 16/10/52.) 

MINISTRY OF SUPPLY, and CENTRAL 
OFFICE OF INFORMATION. Harwell, the 
British Atomic Energy Research Establish- 
ment, 1946—51. London 1952. pp. 128. 
ill. H.M.S.O. 6s. (Recd. 16/10/52.) 

TURNER, EUSTACE EBENEZER, and 
HARRIS, MARGARET MANDERSON. Organic 
chemistry. London 1952. pp. xi + 904. ill. 
Longmans. 50s. (Recd. 27/10/52.) 

VON BRAND, THEODOR. Chemical physio- 
logy of endoparasitic animals. New York 
1952. pp. x + 339. ill. Academic Pr. 
$7.50. (Recd. 16/10/52.) 

WanG, C. Y. Antimony; its geology, 
metallurgy, industrial uses and economics. 
3rd edition. London 1952. pp. viii + 170. 
ill. Griffin. 25s. (Recd. 16/10/52.) 
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SCIENTIFIC MEETINGS DURING FEBRUARY, 1953 
LONDON. 


Thursday, February 5th, 1953. 


Symposium, Acetylene Chemistry, arranged by Professor E. R. H. Jones, D.Sc., 
F.R.S. To be held at Burlington House, W.1. 


Afternoon Session at 2.30 p.m. 

“ Anionotropic and Prototropic Changes in Acetylenic Systems." By E. A. 
Braude (London). 

‘“Prototropic Rearrangements of Acetylenic Acids.’”’ By M. C. Whiting 
(Manchester). 

“The Reaction of Butadiene in the Presence of Acetylene-polymerising Cata- 
lysts.”” By H. W. B. Reed (Imperial Chemical Industries Limited, 
Billingham Division). 

‘‘ Synthetical Studies in the Carotenoid Field.”” By B. C. L. Weedon (London). 


Evening Session at 7.30 p.m. 


“‘ Some Synthetical Applications of Acetylenic Compounds.”’ By R. A. Raphael 
(Glasgow). 

‘‘ Synthetic Polyacetylenes.”” By E. R. H. Jones (Manchester). 

“* Acetylenic Compounds from Plants of the Compositae Family."” By N. A. 
Sérensen (Norway). 

“‘ The Chemistry of Oenathotoxin and Cicutoxin.’’ By B. Lythgoe (Cambridge). 


Thursday, February 26th, 1953, at 7.30 p.m. 


Centenary Lecture. Some Applications of the Separation of Large Molecules aud 
Colloidal Particles, by Professor A. Tiselius, Ph.D. To be given in the Le: ture 
Theatre, The Royal Institution, Albemarle Street, W.1. 


ABERDEEN. 


Wednesday, February 11th, 1953, at 7.30 p.m. 


Lecture, Selective Herbicides and the Principles of Selective Toxicity, by Professor 
G. E. Blackman, M.A. Joint meeting with the Royal Institute of Chemistry 


and the Society of Chemical Industry, to be held in the Robert Gordon's 
Technical College. 


BRISTOL. 
Thursday, February 5th, 1953, at 7.0 p.m. 


Lecture, The Practical Approach to Chemotherapy, by Dr. F. L. Rose, O.B.E., 
F.R.I.C. Joint meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry to be held in the Chemistry Department of the University. 








Thursday, February 25th, 1953, at 7.15 p.m. 


Lecture, Construction of the British Resin Factory at Barry, by Mr. T. W. M. Pond, 
B.Sc. Joint meeting with the Royal Institute of Chemistry, the Society of 
Chemical Industry, and the Plastics Institute, to be held at Gloucester 
Technical College. 


EDINBURGH. 


Tuesday, February 3rd, 1953, at 7 p.m. 


Lecture, Bacterial Polysaccharides, by Professor M. Stacey, D.Sc., F.R.1.C., F.R.S. 
Joint meeting with the Royal Institute of Chemistry, the Society of Chemical 
Industry, and the University Chemical Society, to be held in the Biochemistry 
Lecture Theatre, Teviot Place. 


Thursday, February 19th, 1953, at 7.30 p.m. 


Lecture, The Fertiliser, Phosphorus, and Allied Industries, by Dr. B. Raistrick, 
F.R.L.C. Joint meeting with the Royal Institute of Chemistry and the Society 
of Chemical Industry, to be held at the North British Station Hotel. 


EXETER. 


Friday, February 27th, 1953, at 5 p.m. 
Lecture, Physical Chemistry of Acetaldehyde and Some of its Reactions, by Mr. 
R. P. Bell, B.Sc., M.A., F.R.S. To be given in the Washington Singer Labora- 
tories, Prince of Wales Road. 
GLASGOW. 
Friday, February 20th, 1953, at 7.0 p.m. 


Annual General Meeting of local Fellows followed by a Lecture, Allene Chemistry, by 
Professor E. R. H. Jones, D.Sc., F.R.S. To be held at the University. 


IRISH REPUBLIC. 
Wednesday, February 25th, 1953, at 7.45 p.m. 


Lecture, Some Aspects of the Chemistry of Butenolides, by Professor Wesley Cocker, 
M.A., Sc.D., F.R.L.C. Joint meeting with the Institute of Chemistry of Ireland 
to be held in the Chemistry Department, Trinity College, Dublin. 


LEEDS. 
Monday, February 16th, 1953, at 7.0 p.m. 
Royal Institute of Chemistry Lecture, Chromatography in the Study of Amino-acid 


Metabolism, by Dr. C. E. Dent, B.Sc., M.R.C.P., F.R.I.C. To be given in the 
Department of Chemistry, The University. (All Fellows are invited.) 


LIVERPOOL. 
Thursday, February 26th, 1953, at 5 p.m. 


Lecture, Recent Studies relating to Hydrocarbon Oxidation, by Professor A. R. 
Ubbelohde, D.Sc., F.R.S. Joint meeting with the University Chemical 
Society, the Royal Institute of Chemistry, the Society of Chemical Industry, 
and the British Association of Chemists, to be held in the Chemistry Lecture 
Theatre, The University. 





MANCHESTER. 
Tuesday, February 3rd, 1953, at 6.30 p.m. 


Official Meeting and Tilden Lecture, The Chemistry of Intermolecular Compounds, 
by Mr. H. M. Powell, M.A., B.Sc. To be held in the Chemistry Lecture 
Theatre, The University. 


NEWCASTLE AND DURHAM. 
Friday, February 13th, 1953, at 5.30 p.m. 


Bedson Club Lecture, The Molecular-orbital Theory of Organic Chemistry, by 
Professor M. J. S. Dewar, M.A., D.Phil. To be held in the Chemistry Building, 
King’s College, Newcastle-on-Tyne. (All Fellows are invited.) 


Friday, February 27th, 1953, at 4.0 p.m. 


Meeting for the reading of original papers. To be held in the Chemistry Building, 
King’s College, Newcastle-on-Tyne. 


NORTHERN IRELAND. 


Monday, February 16th, 1953, at 7.15 p.m. 


Lecture, The Work of the British Coal Utilisation Research Association, by Dr. 
D. T. A. Townend, C.B.E., F.R.I.C. Joint meeting with the Royal Institute 
of Chemistry and the Society of Chemical Industry, to be held in the Depart- 
ment of Agriculture Lecture Theafre, Queen’s University, Belfast. 


NORTH WALES. 
Thursday, February 12th, 1953, at 5.45 p.m. 


Lecture, The Protein Requirements of the Ruminant Animal, by Dr. R. L. M. 
Synge, F.R.S. Joint meeting with the Liverpool Section of the Society of 
Chemical Industry and the University College of North Wales Chemical 
Society, to be held in the Department of Chemistry, University College of North 
Wales, Bangor. 


NOTTINGHAM. 
Thursday, February 19th, 1953, at 4.45 p.m. 


Lecture by Professor G. R. Clemo, D.Sc., F.R.S. Joint meeting with the University 
Chemical Society to be held at the University. 


ST. ANDREWS AND DUNDEE. 
Friday, February 13th, 1952, at 5.15 p.m. 


Lecture, Colouring Matters of Dragon’s Blood Resin and Related Topics, by Pro- 
fessor A. Robertson, M.A., Ph.D., F.R.S. To be given in the Chemistry 
Department, United College, St. Andrews. 


Friday, February 20th, 1953, at 7 p.m. 


Royal Institute of Chemistry Lecture, The Significance of Kékulé Structures for the 
Stability of Aromatic Hydrocarbons, by Dr. Eric Clar. To be given in the 
Chemistry Department, University College, Dundee. (All Fellows are invited.) 





SHEFFIELD. 


Thursday, February 5th, 1953, at 7.30 p.m. 


Lecture, Nascent Hydrogen : a Re-interpretation, by Professor F. S. Dainton, M.A., 
Ph.D. Joint meeting with the University Chemical Society to be held in the 
Chemistry Lecture Theatre, The University. 


Thursday, February 26th, 1953, at 7.30 p.m. 


Lecture, Electrode Kinetics, by Dr. J. O’M.Bockris, A.R.I.C. Joint meeting with the 
University Chemical Society to be held in the Chemistry Lecture Theatre, The 


University. 


SOUTHAMPTON. 
Friday, February 13th, 1953, at 5.0 p.m. 


Lecture, The Synthesis of Sugars, by Dr. J. K. N. Jones, M.Sc., A.R.I.C. Joint 
meeting with the University Chemical Society to be held in the New Chemistry 


Building, The University. 


SOUTH WALES. 
Friday, February 6th, 1953, at 5.30 p.m. 
Lecture, Some Reeont Developments in the Investigation of Radical Reactions, by 


Professor H. W. Melville, D.Sc., F.R.S. Joint meeting with the University 
College Chemical Society to be held in the Chemistry Department, University 


College, Swansea. 


Monday, February 16th, 1953, at 5.30 p.m. 
Lecture, Physical Chemistry of Some Reactions of Acetaldehyde, by Mr. R. P. Bell, 


B.Sc., M.A., F.R.S. To be given in the Chemistry Department, University 
College, Cardiff. 





OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 
John Fero Lane (New Brunswick) an. 20th, 1949. Oct. 17th, 1952. 
Kenneth Mackenzie (Aylesbury) Jan. 10th, 1946. Oct. 8th, 1952. 
Richard Noel Garrod Thomas (London, S.W.1)... Feb. 21st, 1907. Oct. 10th, 1952. 
Chaim Weizmann (Rehovoth) Jec. 2nd, 1909. Nov. 9th, 1952. 


MEDALS OF THE ROYAL SOCIETY. 


Congratulations have been conveyed to the following Fellows on the award of Medals 
of the Royal Society : 
Royal Medal 
Professor C. K. Ingold. 


Davy Medal 
Professor A. Robertson. 


GIFTS OF PUBLICATIONS. 


Acknowledgment is made of a gift of the Society's publications from Mr. I. L. Simmons. 


ELECTION OF NEW FELLOWS. 


The following 29 Candidates were elected Fellows of the Society on November 20th, 
1952 : 


Denis George Harold Ballard. Colin Harrison Kirkham. 
Lyell C. Behr. Ted R. Lusebrink. 

Michael Desmond Beshara. Israel Miller. 

William Graham Cobbett. Brian Milligan. 

David Charles Cusworth. William Moje. 

William De Acetis, jun. Guy Ourisson. 

Lakob Lourens Du Toit. George William Parshall. 
Mohamed El Sayed Hussein El Ghoroury. Robert John Parsons. 
Conrad Hans Eugster. Donald Dunham Perry. 
Henry Feiner. Shraga Pinchas. 

William Pendellis Georgans. Ernest Thackeray Pritchard. 
William Victor Higgs. Oscar Rudolf Rodig. 

Don Charles Iffland. Thomas Harry Francis Smith. 
Robert Ellsworth Ireland. Hugh Robert Watson. 

Peter Michael Seaton Jones. 


FELLOWSHIP SUBSCRIPTIONS—DECLARATION REGARDING PERSONAL USE OF 
PUBLICATIONS. 


Many Fellows who have in the past placed their publications in libraries now feel 
unable to sign the declaration on the subscription renewal form. The Council has agreed 
that such Fellows should be charged the public price (less 15% Fellows discount) in place 
of the schedule price on their subscriptions. This arrangement would enable the individual 
to retain his link with the Society, but the Society would not suffer financial loss thereby. 
Further particulars can be obtained from the General Secretary. 
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VACANCIES ON COUNCIL. 


In accordance with the Bye-Laws, the following vacant places fall due to be filled at the 
Annual General Meeting to be held in London on March 27th, 1953. 


No. of Names of Members who 
Office. vacancies. are due to retire. 
Vice-Presidents who have not filled the Office of Pre- 
sident P . , . : ; : ‘ ONE Professor R. P. Linstead 
Elected Ordinary Members of Council : 
Constituency I (South-East England) . ’ . THREE Dr. J. S. Anderson 
Dr. S. H. Harper 
Dr. L. N. Owen 
Constituency IV (North-East England) . , Professor L. Hunter 


Professor F. E. King 

With the exception of Dr. S. H. Harper, who was appointed under Bye-Law 42, the 
members who are to retire are not eligible for re-election to the same Office until after a 
lapse of one year. 

No vacancy arises for the Office of President, Honorary Secretary, or in Constituencies 
II, Il, V, and VI. 

Nominations by Fellows for the Office of Vice-President who has not filled the Office 
of President, should be in writing and must be signed by at least twenty Fellows. 

Fellows resident in a constituency may nominate any Fellow resident in that con- 
stituency for election to the Council to fill a vacancy among Elected Ordinary Members 
of Council allotted to that constituency. Every such nomination must be in writing 
signed by at least fifteen Fellows resident in that constituency. 

Fellows may obtain forms of nomination from the General Secretary, and should state 
the vacancy for which they are requested. Every nomination must relate to one vacant 
place only, and must be accompanied by a signed declaration by the nominee that he is 
willing to-accept office, if elected. Nominations must be received by the Society not later 
than Saturday, February 14th, 1953. 


ANNIVERSARY MEETINGS 1954. 


The Council has accepted an invitation for the Anniversary Meetings in 1954 to be 
held in Manchester. 


PUBLICATION OF ANALYSES IN THE JOURNAL. 


Application of the decision announced in Proceedings for last month (p. 147) has been 
deferred pending further enquiries. 


INFRA-RED SPECTRA. 


The Society has accepted a report from a Joint Committee on which were represented 
also the Royal Society, the Physical Society, the Faraday Society, the Institute of 
Petroleum, and the Society of Public Analysts & Other Analytical Chemists, as well as 
other interested bodies. In future, the following conditions will govern the acceptance of 
infra-red absorption curves for the Society’s publications : 

(a) For other than pure compounds, no curves or parts thereof will be printed if the 
requisite facts can be stated in the text. In such cases, however, the authors may be 
required to supply full curves for the benefit of Referees. These recommendations exclude, 
for example, the publication of curves relating to the qualitative identification of substances 
or groups in impure material and the quantitative determination of substances in mixtures. 
In exceptional cases the relevant portions of curves may be printed. 

(b) If the facts can be stated in the text, curves used to establish the identity (or 
otherwise) of two substances do not require publication (except in special cases). 

(c) For pure compounds it is permissible to publish infra-red absorption curves, 
provided that the following conditions are fulfilled : (i) the purity is reasonably established, 
(ii) the method of measurement and the range of spectra are adequate, and (iii) the curves 
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refer to a related group of compounds, or the results relate directly to the arguments 
developed in the text. 

(d) The format in which spectra are published must accord with the following 
conventions : 

(i) absorption should be plotted with 100% at the top; 

(ii) the low-frequency (long wave-length) end of the spectra should be on the right ; 

(iii) spectra should be linear in wave-numbers ; 

(iv) in regions where absorption rises above approximately 80%, or where significant 
weaker bands are not made evident, the spectra for more than one thickness should be 
recorded when possible; and 

(v) scales of different parts of the curves should be different so as to prevent undue 
spreading or bunching of the maxima. 


The Society realises that a certain degree of indefiniteness resides in its recommend- 
ations under heading (c) and to a smaller extent in those under headings (a) and (d, v). 
It may be possible later to elaborate the recommendation under headings (c, iii) and (d, v). 
It is particularly realised that spectra under high resolution will require special treatment. 

The recommendations above place considerable limitations on the publication of 
infra-red spectra. Their application, without damage to the progress of science, depends 
on the institution of a recording and indexing system. It is only the possibility of such 
an organisation being established which has enabled the recommendations to be framed. 

As an interim measure until a full library scheme is in operation, the Chemical Society 
will accept for deposit copies of infra-red spectra referred to in new papers published in its 
journals, as well as copies of spectra for publication, and will make them available to others 
on request. Spectra which are thus deposited must be drawn on forms obtainable from the 
General Secretary, price six shillings per pad of 50 sheets. Copies of individual spectra 
may be obtained, price three shillings each. Special rates will be quoted for a number 
ordered at one time. Copies are available only of spectra stated in the published paper 
to have been deposited. 





MINUTES OF SCIENTIFIC MEETINGS 
Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on November 6th, 1952, at 7.30 p.m. 
Sir [an HEILBrRon, D.S.O., D.Sc., LL.D., F.R.S., Vice-President, was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at Burlington House on October 16th, 1952, 
were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society : I. S. Mason, T. M. Dunn, J. E. L. 
Bowcott, J. S. Shannon, B. P. Hughes, E. A. Robinson, F. Gerson, E. P. Greenburgh, W. 
Bottomley, P. J. Stokes, C. A. Lewis, J. H. Giles, H. L. Richardson, A. M. Roe, C. B. 
Chapman, A. A. J. Fluck, J. Grey, R. C. Poller, C. W. Rees, A. W. Frigyes, A. M. Downs, 
K. Mackenzie, G. B. Courtier. 


WILLSTATTER MEMORIAL LECTURE. 


The Chairman called upon Sir Robert Robinson, O.M., D.Sc., F.R.S., to deliver the 
Willstatter Memorial Lecture. At the conclusion of the lecture, a vote of thanks to Sir 
Robert Robinson, proposed by Dr. R. Lessing, was carried with acclamation. 
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Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House on November 20th, 1952, at 7.30 p.m. 
PRoFEssor D. H. Hey, D.Sc., Ph.D., F.R.I.C., Vice-President, was in the Chair. 


MINUTES. 

The Minutes of the Scientific Meeting held at Burlington House on November 6th, 
1952, were read, and were confirmed and signed. 
FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: G. J. Buist, D. Bodger, J. B. 
Harborne, B. Gilbert, A. T. Norman. 
TILDEN LECTURE. 


After a brief introduction, the Chairman called upon Mr. H. M. Powell, M.A., B.Sc., to 
deliver the Tilden Lecture entitled, “‘ The Chemistry of Intermolecular Compounds.”’ At 
the conclusion of the Lecture, a vote of thanks to the Lecturer, proposed by Professor J. M. 
Robertson, was carried with acclamation. 





MEETINGS OUTSIDE LONDON 
EDINBURGH. 
‘ Acetylenic Compounds,”’ by Dr. R. A. Raphael. 
A joint meeting with the local sections of the Royal Institute of Chemistry and the 


Society of Chemical Industry was held in the Heriot-Watt College on November 13th, with 
Dr. Neil Campbell in the Chair. 

Dr. Raphael gave a most interesting account of recent developments in the use of 
acetylenic compounds for synthetical purposes. The lecture was much enjoyed by a large 
audience, many of whom took part in the ensuing discussion. A vote of thanks, proposed 
by Dr. J. Stewart, was very warmly accorded to the Lecturer. 


NORTH WALES. 


“ Cortisone,’’ by Professor C. W. Shoppee, D.Sc., D.Phil. 


A joint meeting with the University College Chemical Society was held in the Depart- 
ment of Chemistry, University College of North Wales, Bangor, on November 6th, with 
Mr. J. R. Turvey, President of the College Chemical Society, in the Chair. 

After a brief survey of the chemistry and physiology of the adrenal gland, the sequence 
of events leading to the discovery of the antirheumatic activity of cortisone was described. 
Methods now available for (a) the introduction of the 3-keto grouping, (5) for the synthesis 
of the 17« : 21-dihydroxy-20-ketonic side chain, and (c) for the introduction of an oxygen 
atom at C;,,) were reviewed. Finally, the eight published syntheses of cortisone, three 
of which are total syntheses, were outlined; a brief reference was made to biochemical 
approaches. 

A vote of thanks, proposed by Professor S. Peat, F.R.S., was carried with acclamation. 


SHEFFIELD. 


“Some Recent Progress in Natural Product Chemistry,”’ by Dr. D. H. R. Barton. 


A joint meeting with the University Chemical Society was held in the Chemistry 
Lecture Theatre on November 13th, with Professor R. D. Haworth, F.R.S., in the Chair. 
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Dr. Barton gave an interesting account of the chemical and physical evidence for the 
structure of lanosterol. Unlike the true triterpenes, the carbon skeleton of lanosterol 
cannot be built up from isoprene units: eburicoic acid and the polyporenic acids belong 
to the same group. 

On the motion of Dr. J. McKenna, a cordial vote of thanks was given to the Lecturer. 


SOUTHAMPTON. 
‘‘ Atoms in Cages,”’ by Mr. H. M. Powell, M.A., B.Sc. 


A joint meeting with the University of Southampton Chemical Society was held in the 
New Chemistry Building of the University on October 24th, with Dr. A. C. Riddiford in 
the Chair. 

Mr. Powell gave a very instructive and entertaining account of the nature and structure 
of clathrate compounds and showed specimens of some of the inert gas compounds with 
quinol. The lecture was illustrated by slides, by several elegant and ingenious models, 
and also by an experimental demonstration which showed the decomposition of such a 
compound on being dissolved. 

After an energetic discussion, a vote of thanks to Mr. Powell, proposed by Dr. K. R. 
Webb, was accorded with enthusiasm. 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for December 1952. Such 
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Boyle’s residuary estate. [London 1952. 
pp. [13]. (From Notes and Records Roy. Soc. 
London, 1952, 10.) From the Author. 
MINISTRY OF SUPPLY. Atomic Energy 
Research Establishment. WRadioactive isotopes 
in mineral dressing research. By JouN S. 

CaRR. Harwell 1952. pp. [ii] + 30. 

The determination of oxygen in 
uranium oxides. By L. E. J. RoBerts and 
E. A. HARPER. Harwell 1952. pp. [ii] + 4. 
——- ——- The equilibrium constant for the 
dysprosium-T.T.A.—benzene system. By 

F. W. CornisH. Harwell 1952. pp. i+ 3. 
—— Thin films. A symposium spon- 
sored by the Chemistry Division. . . . March, 
1951. Edited by F. Hupswe tt and C. J. 
MANDLEBERG. Harwell 1952. pp. iv + 43 + 
iv. ill. From the Bureau of Abstracts. 
Morey, GEORGE W., and HESSELGESSER, 
JAMES M. The solubility of some minerals in 
superheated steam at high pressures. Wash- 
ington, D.C. 1952. pp. [15]. (Carnegie Insti- 
tution of Washington, Geophysical Laboratory 
Papers, No. 1159.) (From Economic Geology, 
1951, 46.) From the Institution. 
U.S. Department of Commerce. National 
Bureau of Standards. Circular 511. Hydrogen 
embrittlement of steel. Review of the liter- 
ature. By R. W. Buzzarp and H. E. 

CLEAVES. Washington, D.C. 1951. pp. [ii] 
29. From the Bureau of Abstracts. 
WASHINGTON, H. S., and Apams, L. H. 
The chemical and petrological nature of the 
earth’s crust. Washington, D.C. [1952]. pp. 
(26). (Carnegie Institution of Washington, 
Geophysical Laboratory Papers, No. 1156.) 
(From GUTENBERG, BENO. Editor. Internal 
constitution of the earth. 2nd edition. 1951.) 
From the Institution. 


Glasgow 





1 


Worner, H. W. Technology of titanium. 
(Melbourne 1950.) pp. [16]. (From Proc. 
Australasian Inst. Mining & Met., 1950.) 

WornerR, H. W., and CorDNER, G. D. 
The extraction of titanium. [Melbourne 1950.) 
pp. [23]. (From Proc. Australasian Inst. 
From the Authors. 


Mining & Met., 1950.) 


II. By Purchase 

BLock, RICHARD J., LESTRANGE, Ray- 
MOND, and ZWEIG, GUNTER. Paper chro- 
matography; a laboratory manual. New 
York 1952. pp. x + 195. ill. Academic Pr. 
$4.50. (Recd. 18/11/52.) 

COMMONWEALTH EcoNoMIC COMMITTEE. 
Intelligence Branch. Vegetable oils and oil- 
seeds. A summary of production, trade, and 
consumption relating to groundnuts, cotton- 
seed, linseed, soya beans, coconut, and oil 
palm products, olive oil, and other oilseeds and 
oils. London 1952. pp. xix + 146. ill. 
H.M.S.O. 5s. (Recd. 18/11/52.) 

DEPARTMENT OF SCIENTIFIC AND INDUS- 
TRIAL RESEARCH. Bibliography of industrial 


‘ 


3 


drying. 3 vols. 
802. (Reference.) 

GUERIN, HENRI. 
et d’analyse des gaz. 
635. ill. 
20/11/52.) 

INTERNATIONAL UNION OF CRYSTALLO- 
GRAPHY. International tables for X-ray 
crystallography. Vol. 1. Symmetry groups. 
Edited bY NorMAN F. M. HENrRy and Katu- 
LEEN LONSDALE. Birmingham 1952. pp. 
xi+ 558. ill. (Reference.) Kynoch Press 
(for the Union). £5 5s. 

KITTEL, HANS.  Farben-, Lack- und 
Kunststoff-Lexikon. Nachschlagewerk uber 
Begriffe, Verfahren, Rohstoffe, Prufmethoden, 
Zwischenprodukte und _ Fertigerzeugnisse. 
Stuttgart 1952. pp. 858. (Reference.) Wissen- 
schaftliche Verlagsgesellschaft. DM 48. 

KopACZEWSKI, W. Physico-chimie du lait ; 
aspect théoretique et industriel. Paris 1950. 
pp. viii+ 177. ill, Dunod. 1000 francs. 
(Recd. 5/11/52.) 


London 1951. pp. xxxv 
H.M.S.O. 27s. 6d. 
Traité de manipulation 
Paris 1952. pp. vii 
Masson & Cie. 5100 francs. (Recd. 
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R. H. Thomson, Ph.D., F.R.I.C., Chemistry Department, The University, Old 
Aberdeen. 
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University, Sydney, N.S.W., Australia. 
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P. A. Briscoe, B.Sc., A.R.I.C., Organic Chemistry Department, The Univer- 
sity, Leeds, 2. 

A. K. Holliday, B.Sc., Ph.D., Department of Physical and Inorganic Chem- 
istry, The University, Liverpool. 

L. A. Haddock, M.Sc., F.R.1I.C., Imperial Chemical Industries, Ltd., 
Research Department, Widnes Laboratory, Widnes. 

G. R. Barker, B.Sc., Ph.D., Chemistry Department, The University, 
Manchester, 13. 

M. A. T. Rogers, B.Sc., Ph.D., A.R.I.C., Imperial Chemical Industries, 
Ltd., Hexagon House, Blackley, Manchester. 

G. A. Swan, B.Sc., Ph.D., F.R.I.C., Department of Chemistry, King’s 
College, Newcastle-on-Tyne, 1. 

Professor S. N. Slater, M.Sc., D.Phil., A.R.I.C., Chemistry Department, 
Victoria University College, Wellington, New Zealand. 

H. Graham, D.Sc., A.R.I.C., 26, Malone Hill Park, Belfast. 

W. Rogie Angus, M.A., D.Sc., Ph.D., F.R.I.C., Department of Chemistry 
University College of North Wales, Bangor. 

D. O. Jordan, M.Sc., Ph.D., A.R.I.C., The University, University Park, 
Nottingham. 

H. M. N. H. Irving, M.A., D.Phil., F.R.I.C., Inorganic Chemistry 
Laboratory, South Parks Road, Oxford. 

M. I. D. Chughtai, M.Sc.Tech., Ph.D., A.R.I.C., Punjab University Institute 
of Chemistry, The Mail, Lahore, Pakistan. 


H. T. Openshaw, M.A., D.Phil., Chemistry Department, United College, 
St. Andrews. 


A. H. Lamberton, B.Sc., Ph.D., Chemistry Department, The University, 
Sheffield, 10. 


Professor W. Pugh, Ph.D., B.Sc., F.R.I.C., Chemistry Department, Univer- 
sity of Cape Town, Rondebosch, S. Africa. 
K. R. Webb, B.Sc., Ph.D., A.R.I.C., The University, Southampton. 
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ADDITIONS TO THE LIBRARY OF THE CHEMICAL SOCIETY 
DURING THE YEAR 1982. 


ACADEMIA SCIENTIARUM Huncarica. Acta 
Physica. Vol.l,etc. Budapest 1951+. (Reference.) 

AcTA PHARMACEUTICA INTERNATIONALIA. See 
FEDERATION INTERNATIONALE PHARMACEUTIQUE. 

Acta Puysica ACADEMIAE SCIENTIARUM HuN- 
GARICAE. See ACADEMIA SCIENTIARUM HUNGARICA. 

Apvams, L. H. See WasHINGTON, H. S. 

ADVANCES IN CHEMISTRY SERIES. See AMERICAN 
CHEMICAL SOCIETY. 

ADVANCES IN Puysics. A quarterly supplement 
of the Philosophical Magazine. Vol. 1, etc. London 
1952+. (Reference.) 

AEHNELT, W. R. Starke, Starkesirup, 
zucker. Dresden 1951. pp. x + 306. ill. 
nische Fortschrittsberichte, Bd. 53.) 

AERO RESEARCH, LIMITED. Structural adhesives ; 
the theory and practice of gluing with synthetic 
resins. Lectures given in Cambridge at the summer 
school . . . 1951. London [1952]. pp. vii + 203. 
ill. 

ATHERISCHE OLE, REICHSTOFFE, 
ESSENZEN UND AROMEN. 
dustrie und Handel. 
( Reference.) 

AGSTER, ANDREAS. See HEERMANN, PAUL. 

AISINMAN, S. See STEPANOFF, A. J. 

ALFREY, TURNER, BOHRER, JOHN J. 
HERMAN. Copolymerization. 
x + 269. ill. (High Polymers, Vol. 8.) 

Atiis, Wiitittam P., and HERLIN, 
Thermodynamics and statistical mechanics. New 
York 1952. pp. viii + 239. ill. (International 
Series in Pure and Applied Physics.) 

AMERICAN CERAMIC SociETY. See AMERICAN IRON 
AND STEEL INSTITUTE. 

AMERICAN CHEMICAL SOcIETY. Progress in 
petroleum technology. A collection of the papers 
presented at the symposium on twenty-five years of 
progress in petroleum technology held . . . Septem- 
ber 3 to 7, 1951. Washington, D.C. 1951. pp. 
vi + 392. ill. (Advances in Chemistry Series, No. 5.) 

——— Searching the chemical literature. Washing- 
ton, D.C. 1951. pp. vi + 184. ill. (Advances in 
Chemistry Series, No. 4.) 

—— Committee on Analytical Reagents. 
chemicals; specifications, 1950. Washington, D.C. 
1951. pp. xiii + 400. (Reference.) 

AMERICAN IRON AND STEEL _ INSTITUTE, 
AMERICAN CERAMIC Society, INc. 
bibliography, 1928—1947, inclusive. Columbus, Ohio 
1950. pp. iv + [1077]. (2044 columns + 55 pp. 
subject index.) (Reference.) 

AMERICAN SOCIETY FOR TESTING MATERIALS. 
The significance of tests of petroleum products. 
Philadelphia 1934. [195l reprint.] pp.iv + 76. ill. 
(Reference.) 


Starke- 
(Tech- 


PARFUMERIEN, 
Fachzeitschrift fiir In- 
Vol. 2, etc. Hannover 1952+. 


, and Mark, 
New York 1952. pp. 


MELVIN A. 


Reagent 


and 
Refractories 


AMERICAN SOCIETY FOR TESTING MATERIALS 
Physical constants of hydrocarbons boiling below 
350° F. Philadelphia 1950. pp. ii+ 16. (Reference.) 

Symposium on high additive content oils. 
Philadelphia 1950. pp. iv + 63. ill. (Reference.) 

—— Symposium on rapid methods for the identific- 
ation of metals. Philadelphia 1950. pp. v + 77. 
ill. (Reference.) 

—— Bibliography of photoelectric spectrophoto- 
metric methods of analysis for inorganic ions, covering 
the Analytical edition of Industrial and Engineering 
Chemistry, Vols. 1—23, No. 10 (1951), and the 
Analyst, Vols. 62—76, No. 906 (1951). Prepared 
by J. W. Stit_man and E. C. Duntop. Philadelphia 
1952. pp. iii + 25. (Special Technical Publication 
No. 125.) 

—— Changes in characteristics of Portland cement 
as exhibited by laboratory tests over the period 
1904 to 1950. By H. F. GoNNERMAN and WILLIAM 
LercH. Presented... June 21,1951. Philadelphia 
1952. pp. iv + 56. ill. (Special Technical Public- 
ation No. 127.) 

—— Papers on evaluation of soaps and detergents. 
Presented ... March 19—20, 1951. Philadelphia 
1952. pp. v + 58. ill. (Special Technical Public- 
ation No. 115.) 

ANDERSON, JOHN STUART. 
JuLivus. 

ANGLO-AMERICAN COUNCIL ON PRODUCTIVITY. 
Packet foods. Report of a visit to the U.S.A. in 
1951 of a productivity team representing the British 
packet foods industry. London 1951. pp. xii + 71. 
ill. 

—— Iron and steel. Report of a productivity 
team representing the British iron and steel industry, 
which visited the United States of America in 1951. 
London 1952. pp. xii + 147. ill. 

ANNUAL REVIEW OF ‘NUCLEAR SCIENCE. 
etc. Stanford 1952+. (Reference.) 

ARKANSAS UNIVERSITY. Institute of Science and 
Technology. Bibliography of differential thermal 
analysis. By W. J. SMoTHERS, Yao CHIANG, and 
ALLAN WILson. Fayetteville 1951. pp. iv + 44. 
(Research Series, No. 21.) (Reference.) 

ARKIV FOR Fysik. See KONGL. SVENSKA VETEN- 
SKAPSAKADEMIE. 

ArRRoL, W. J. See MINISTRY OF SUPPLY. 
Energy Research Establishment. 

Arrow Press, Ltp., and Power-Gas CoRPORATION, 
Ltp. [The manufacture of] producer gas. Watford 
1951. pp. 12. ill. (Reference.) 

AsHTON, R. See DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. 

Asis. Guides to sources of information in Great 
Britain. No.1. The paperindustry. London 1948. 
pp. fii] + 10. (Reference.) 


See EmMettus, HARRY 


Vol. 1, 


Atomic 





Asis. Guides to sources of information in Great 
Britain. No. 2. Agriculture and allied interests. 
London 1949. pp. ii+ 55+ iv. (Reference.) 

No. 3. Beverages and food. 
pp. ii+ 44+ iv. (Reference.) 

No. 4. Textiles and allied interests. 
London 1949. pp. ii + 42+ iv. (Reference.) 

ASSOCIATION OF BRITISH CHEMICAL MANUFAC- 
TURERS. Safety rules for use in chemical works. 
Part 2. Detailed instructions. London 1952. pp. 
ix + 282. (Reference.) 

ATKINSON, F. E. See CaNapa. 
Agriculture. Experimental Farm Service. 
Bulletin No. 68. 

BatLtey, ALTON E. Industrial oil and fat products. 
2nd edition. New York 1951. pp. xxiv + 967. ill. 

BAKER, JOHN WILLIAM. Hyperconjugation. 
Oxford 1952. pp. vii + 158. ill. 

BaLpwin, ERNEST. Dynamic aspects of bio- 
chemistry. 2nd edition. Cambridge 1952. pp. 
xx + 544. ill. 

Batt, W. E. See INstTiItruTE oF Gas TECHNOLOGY. 
Research Bulletin No. 11. 

Batston, J. N., and Tarspot, B. E. A guide to 
filter paper and cellulose powder chromatography. 
Edited by Tupor STANLEY GEORGE JONES. London 
and Maidstone 1952. pp. [ii] + 145. ill. [Two 
copies. } 

BamBas, L. L. Five-membered heterocyclic com- 
pounds with nitrogen and sulfur or nitrogen, sulfur 
and oxygen (except thiazole). New York 1952. 
pp. xi + 403. ill. (Chemistry of Heterocyclic Com- 
pounds Series.) 

BaRBER, J.C. See TENNESSEE VALLEY AUTHORITY. 
Chemical Engineering Report No. 3. 

Barcray, J. T. See Nationat CoA 
Scientific Department. Research Paper No. 1. 

Barron, E. S. Guzman. Editor. Modern trends 
in physiology and biochemistry. Woods Hole lectures 
dedicated to the memory of Leonor Michaelis. New 
York 1952. pp. xxii + 538. ill. 

BARRY, VINCENT CHRISTOPHER. 
INSTITUTE OF CHEMISTRY. Lectures, 
and Reports 1952, No. 2. 

BASHIR AHMAD. See PAKISTAN CHEMICAL SOCIETY. 

Bassett, Lewis G., HARLEy,' JOHN H., and 
WIBERLEY, STEPHEN E. A course in instrumental 
analysis. Troy, New York 1951. pp. 13. ill. 
(Rensselaer Poly. Inst. Bull., Eng. Sci. Ser., No. 66.) 
(From J. Chem. Education, 1951, 28.) [Two copies.] 

BaTE-SmMiTH, E. C., and Morris, T. N. Editors. 
Food science; a symposium on quality and pre- 
servation of foods. Cambridge 1952. pp. xvii + 319. 
ill. 

BEAu, MAURICE. 
priétés, technique, 
[iv] + 290. ill. 

BEDWELL, W. L. 
CHEMISTRY. Lectures, 
1952, No. 3. 

BEILSTEINS HANDBUCH DER ORGANISCHEN CHEMIE. 
4th edition. 2ndSupplement. Vols. 16—18. Edited 
by Frrepricn RicuTer. Berlin 1951—52. pp. 
xliv + 872; xxx + 623; xxxvii + 620. (Reference.) 


London 


1949. 


Department of 
Technical 


BoarD. 


See Roya 
Monographs 


La caséine : 
commerce. 


composition, pro- 
Paris 1952. pp. 


INSTITUTE OF 
and Reports 


See Roya 
Monographs 


Introduction to carbo- 
London 1952. 


BELL, Davip JAMEs. 
hydrate biochemistry. 3rd _ edition. 
pp. viii + 100. ill. 

BELL, Ronatp Percy. Acids and bases, their 
quantitative behaviour. London 1952. pp. vi 4- 90. 
ill. (Methuen’s Monographs on Chemical Subjects.) 

BENNETT, Atva H. [and others]. Phase micro- 
scopy; principles and applications. New York 1951. 
pp. xiii + 320. ill. 

BERL, Ernst. Editor. Chemisch-technische Un- 
tersuchungsmethoden. 8th edition. Vols. 1 and 2, 
Parts i and ii. Berlin 1931—32. pp. 1 + 1260; 
Ix + 878; iv, 879 to 1795. ill. 

BESSELIEVRE, EDMUND B. Industrial waste treat- 
ment. New York 1952. pp. ix + 391. ill. 

BessEY, GEORGE EpWaARD. See British WHIT- 
ING FEDERATION. Research Council. 

BESTERMAN, THEODORE. See UNITED NATIONS 
EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZ- 
ATION. 

BEVERIDGE, WILLIAM IAN BEARDMORE. The art 
of scientific investigation. London 1950. pp. xii + 
172. ill. 

BIOCHEMICAL SOCIETY. Symposium No. 8. Meta- 
bolism and function in nervous tissue. A symposium 
held . . . 10 November, 1951. Organized and edited 
by R. T. Wiriiams. Cambridge 1952. pp. [iv] + 
102. ill. 

Symposium No. 9. Lipid metabolism. A 
symposium held . . . 16 February, 1952. Organized 
and edited by R. T. Witttams. Cambridge 1952. 
pp. [iv] + 102. ill. 

A comparative evaluation of 
absorbable hzemostatics. [London 1951.] pp. 8. 
ill. (From Postgrad. Med. J., 1951, 27.) 

—— Laminarin as a talcum powder substitute. 
[London 1951.] pp. 8. (From Med. Press, 1951, 
226.) 

BuickeE, F. F. See HartouGH, Howarp D. 

Biock, RICHARD J., LESTRANGE, RAYMOND, and 
ZWEIG, GUNTER. Paper chromatography; a labora- 
tory manual. New York 1952. pp. x + 195. ill. 

BoELHOUWER, C. See WATERMAN, H. I. 

Boum, Davip. Quantum theory. New 
1951. pp. ix + 646. ill. 

BouRER, JOHN J. See ALFREY, TURNER. 

Boit, Hans-G. Fortschritte der Alkaloidchemie 
seit 1933. Berlin 1950. pp. xvi + 425. (Scientia 
Chimica, Bd. 2.) 

BoLoGNa, UNIVERSITA DEGLI STUDI. 
Chimica Industriale. Bollettino Scientifico. 
etc. Bologna 1950+. (Reference.) 

BonpI, ARNOLD. Physical chemistry of lubricating 
oils. New York 1951. pp. vii + 380. ill. 

BONNER, NORMAN A. See WAHL, ARTHUR C. 

Born, Max. Atomic physics. 5th edition, 1c- 
vised by the author from the original translation of 
Joun DovuGatrt. London 1951. pp. xiv + 437. 
ill. 

Bounpy, Ray Harorp [and others]. Editors. 
Styrene, its polymers, copolymers and derivatives. 
New York 1952. pp. xxii + 1304. ill. (American 
Chemical Society Monograph Series.) 

BourNoT, Konrap. See LEIMBACH, R. 


BLAINE, GEORGE. 


York 


Faculta di 
Vol. 8, 





BoyLe, ROBERT. 
WITTON. 

BRADSHAW, F. J. See Conn, G. K. T. 

BRAUER, GEORG. See HANDBUCH DER PRAPA- 
RATIVEN ANORGANISCHEN CHEMIE. 

Brauns, FRIEDRICH Emit. The chemistry of 
lignin. New York 1952. pp. xv + 808. ill. 

BRENNECKE, ERNA [and others]. Neuere mass- 
analytische Methoden. 3rd edition. Stuttgart 1951. 
pp. xx + 347. ill. (Die chemische Analyse, Bd. 33.) 
( Reference.) 

BRINDLEY, G. W. 
Clay Minerals Group. 

BRITISH BULLETIN OF SPECTROSCOPY. 
[Cambridge] 1951+. (Reference.) 

British COKE RESEARCH ASSOCIATION. Coke 
Review. A_ bibliographical guide to published 
material of interest to the coking industry. No. lI, 
etc. London 1952+. (Reference.) 

—— Panel No. 1. Technical Paper No. 3. 
Methods for the float and sink analysis of coal. 
London 1952. pp. v + 16. ill. 

BRITISH INDUSTRIAL SOLVENTS, LTD. 
chemicals. London 1951. pp. 245. 

——— Isopropyl myristate ; a new cosmetic material. 
Revised edition. London 1952. pp. 12. 

BriTISH IRON AND STEEL RESEARCH ASSOCIATION. 
Optical Methods Sub-Committee. See Conn, G. K. T. 

British MEpIcAL ASSOCIATION, and PHARMA- 
CEUTICAL SOCIETY OF GREAT BrITAIN. The national 
formulary, 1952. [London 1952.) pp. 196. (Re- 
ference.) 


See MapDISON, ROBERT Erwin 


See MINERALOGICAL SOCIETY. 


No. I, etc. 


Bisol organic 


BRITISH PHARMACEUTICAL CoODEXx 1949. Supple- 
ment, 1952. London 1952. pp. xii+ 148. (Re- 
ference.) 2 

British PLastics CONVENTION, 


1951. Plastics 
and discussions. Edited by 
London 1951. pp. viii + 310. 


progress; papers 
PHILLIP MORGAN. 
ill. (Reference.) 

British RUBBER DEVELOPMENT BoarpD. Natural 
rubber latex and its applications. No.1. An intro- 
duction to its origin, properties, and manufacture. By 
HENRY POTTER STEVENS. London 1952. pp. 72. ill. 

BriTISH SULPHATE OF COPPER ASSOCIATION, LTD. 
Uses of copper sulphate. London [1952.] pp. 30. 

British THomson-Houston Co., Lrp. Research 
Laboratory. Applications of infra-red radiation. By 
B. N. Watts. Rugby 1951. pp. 16. ill. (From 
Proc. Rugby Eng. Soc., 1950—51, 41). (Reference.) 

Determination of nitrogen in steel. 
By R. H. A. CrRaAwLeEy. Rugby [1952]. pp. 7. 
(From Anal. Chim. Acta, 1952, 7.) 

BritisH WHITING FEDERATION. Research Council. 
Bibliographies No. 1 and la. A bibliography on 
particle size and surface area determination, with 
brief abstracts. Parts 1 and 2. Bedford 1950—51. 
pp. ii + 45; ii + 55. (Reference.) 

—— Technical Paper No. 4. The chemical 
analysis of whiting and chalk. By GEorcE Epwarp 
Bessey and Davip CuiLtp Sout. Bedford 1950. 
pp. 22. (Reference.) 

a No. 8. 
surface area measurement. 
Bedford 1951. pp. ii + 31. 


Particle size analysis and 
By Davip CuiLp Sov . 
(Reference.) 


Britton, S.C. See Tin RESEARCH INSTITUTE. 

Brown, A. W. A. Insect control by chemicals. 
New York 1951. pp. vii + 817. ill. 

Bryscu, O. P. See Institute oF Gas TECH- 
NOLOGY. Research Bulletin No. 11. 

BuLIAN, WALTER, and FAHRENHORST, EBERHARD. 
Metallographie des Magnesiums’ und seiner tech- 
nischen Legierungen. 2nd edition. Berlin 1949. 
pp. v + 139. ill. (Reine und angewandte Metall- 
kunde in Einzeldarstellungen, 8.) 

Burt, R. B. See TENNESSEE VALLEY AUTHORITY. 
Chemical Engineering Report No. 3. 

BuTLeR, JOHN ALFRED VALENTINE. Editor. 
Electrical phenomena at interfaces in chemistry, 
physics, and biology. London 1951. pp. vii + 309. 
ill. 

—— See also PROGRESS IN 
BIOPHYSICAL CHEMISTRY. 

Buzzarp, R. W. See U.S. Department of Com- 
merce. National Bureau of Standards, Circular 511. 

CAMPBELL, ALAN NEWTON. See _ FINDLAY, 
ALEXANDER. 

CAMPBELL, Murray, and Hatton, HARRISON. 
Herbert H{enry] Dow, pioneer in creative chemistry. 
New York 1951. pp. xi + 168. ill. 

CANADA. Department of Agriculture. Experi- 
mental Farm Service. Technical Bulletin No. 68 
(Publication No. 813.) Production of juices; their 
manufacture, chemical aspects and laboratory control. 
By F. E. Atkinson and C, C. STRACHAN. Summer- 
land, B.C. 1949. pp. 62. ill. [Two copies.] 

Department of Mines and Technical Surveys. 

Mines Branch. Memorandum ‘Series, No. 118. 

Sulphur and pyrites in Canada. By T. H. JANEs. 
Ottawa 1952. pp. [ii] + 103. 

Report No. 831. Analyses of 

Canadian coals and peat fuels, with appendix con- 

taining supplementary coal ash chemical analyses. 

By J. H. H. Nicoits. Ottawa 1952. pp. v + 409. 

—— —— —— Report No. 832. Analyses of 
Canadian crude oils. By H. McD. CHANTLER, P. B. 
SEELY, and F. E. GoopsPEED. Ottawa 1951. pp. 
iii + 90. (Reference.) 

CARBIDE AND CARBON CHEMICALS Co. The phys- 
ical properties of synthetic organic chemicals. [New 
edition.} New York 1952. pp. 15. (Reference.) 

CARBORUNDUM Co. Technical Division. Biblio- 
graphy on silicon carbide. Niagara Falls, N.Y. 
1950. pp. ili + 59. (Reference.) 

CarRR, JOHNS. See MINISTRY OF SUPPLY. 
Energy Research Establishment. 

Casey, JAMES P. Pulp and paper; chemistry and 
chemical technology. Vol. 1. Pulping and paper- 
making. Vol.2. Properties of paper and converting. 
New York 1952. pp. xxxiii + 795; xvii, 797 to 
1405. ill. 

CasEY, ROBERT SABERT, and PERRY, JAMES 
WHITNEY. Punched. cards, their applications to 
science and industry. New York 1951. pp. viii + 
506. ill. 

CENTRAL OFFICE OF INFORMATION. 
OF SUPPLY. 

CHADWICK, J. See MINISTRY OF SUPPLY. 
Energy Research Establishment. 


Biopuysics and 


Atomic 
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CuamPion, F. A. Corrosion testing procedures. 
London 1952. pp. xi + 369. ill. 

CHANDRA, DEBABRATA. The extraction of waxes 
from Cuddalore lignites. Calcutta 1951. pp. [4] 
ill. (From Quart. J. Geol. Mining Met. Soc. India, 
1951, 23.) 

CHANTLER, H. McD. See Canapva. Department 
of Mines and Technical Surveys. Mines Branch. 
Report No. 832. 

CHARLOT, G., and GauGin, R. Dosages colori- 
métriques; principes et méthodes. Paris 1952. 
pp. [iv] + 243. ill. 

CHATFIELD, HERBERT WALTER. 
used in the paint, varnish, and allied trades. 
[1951]. pp. 199. (Reference.) 

CHEMICAL ENGINEERING SCIENCE. 
London 1951+. (Reference.) 

CHEMICAL RESEARCHES. Vol. 1, etc. Tokyo 
1948+. [In Japanese—some English summaries.) 
(Reference.) 

CHIANG, YAO. See ARKANSAS UNIVERSITY. 

CHILEAN IODINE EDUCATIONAL BUREAU, INc. 
Iodine, its properties and technical applications. 
New York 1951. pp. v + 74. 

—— Iodine content of foods; annotated biblio- 
graphy, 1825—1951, with review and tables. London 
1952. pp. vii + 183. (Reference.) 

Iodine pharmaceuticals. A checklist of iodine 
compounds and preparations used in human medicine. 
London 1952. pp. vi + 78. 

Cuow, A. Y. See Matraya, 


Glossary of terms 
London 


Vol. 1, etc. 


FEDERATION OF. 


Institute for Medical Research. 


CuuGutal,I.D. See PAKISTAN CHEMICAL SOCIETY. 

C1spA Founpation. Conference on isotopes in 
biochemistry. Edited by J. N. Davipson [and 
others]. London 1951. pp. xv + 288. ill. 

CLeaves,H.E. SeeU.S. Department of Commerce. 
National Bureau of Standards. Circular 511. 

CLow, ARCHIBALD, and CLow, Nan L. The 
chemical revolution; a contribution to social tech- 
nology. London 1952. pp. xvi + 680. ill. 

Crow, Nan L. See CLow, ARCHIBALD. 

CoHEN, Kari. The theory of isotope separation 
as applied to the large-scale production of U**. 
Edited by George M. Murpuy. New York 1951. 
pp. xviii + 165. ill. (National Nuclear Energy 
Series.) 

Coke REvIEw. See 
ASSOCIATION. 

Cora, Fetx. Le livre du parfumeur. 
1947. pp. 780. ill. 

CoLoNIAL GEOLOGICAL SuRvEYS. Mineral Re- 
sources Division. Vermiculite. By E. R. VARLEy. 
London 1952. pp. iv + 70. ill. 

Comit&t INTERNATIONAL DE THERMODYNAMIQUE 
ET DE CINETIQUE ELECTROCHIMIQUES. Comptes 
rendus de la 2nd réunion, 1950. Milano 1951. pp. 
xvi + [iv] + 407. ill. (Reference.) 

Comptes Rendus de la 3° Réunion, 1951. 
Milano 1952. pp. xvi + [4] + 498. ill. 

CoMMONWEALTH ECONOMIC COMMITTEE. Intel- 
ligence Branch. Vegetable oils and oil-seeds. A 
summary of production, trade, and consumption 
relating to groundnuts, cotton-seed, linseed, soya 


BRITISH COKE RESEARCH 


Tournai 


beans, coconut, and oil palm products, olive oil, and 
other oilseeds and oils. London 1952. pp. xix + 
146. ill. 

CONGRES DE CHIMIE BIOLOGIQUE, 8th, Paris, 1948. 
Vol. 1. Compte rendu général du congrés; Con- 
férences. Vol. 2. Communications. Paris 1948— 
49. pp. 241; 558. ill. (Supplements to Bull. 
Soc. Chim. Biol., 1948, 30; 1949, 31.) (Reference.) 

Conn, G. K. T., and Brapsnaw, F. J. Editors. 
Polarized light in metallography. [Prepared for the 
Optical Methods Sub-committee of the British Iron 
and Steel Research Association.) London 1952. 
pp. xi+ 130. ill. 

Conway, BriaN Evans. Electrochemical data. 
Amsterdam 1952. pp. xx + 374. (Reference.) 

Cook, GERALD BERNARD, and DuNCAN, JAMES 
Francis. Modern radiochemical practice. London 
1952. pp. xx + 407. ill. 

Cook, JAMES WILFRED. 
CHEMISTRY. 

CorRDNER,G.D. See WorneEr, H. W. 

CorNIsH, F. W. See MINISTRY OF SUPPLY. 
Atomic Energy Research Establishment. 

COULSON, CHARLES ALFRED. Valence. 
1952. pp.x + 338. ill. 

Cowarp, H. F. See U.S. Department of the In- 
terior, Bureau of Mines. Bulletin 503. 

DAVENPORT, Horace W. The ABC of acid-base 
chemistry. 3rd edition. Chicago 1950. pp. vi + 
86. ill. 

Davipson, J. N. See Cina FouNDATION. 

Day, FRANKH. SeeU.S. Department of Commerce. 
National Bureau of Standards. Circular 507. 

DeFay, R. See PriGoGInE, I. 

DENBIGH, KENNETH GEORGE. The thermodyna- 
mics of the steady state. London 1951. pp. vii + 
103. ill. (Methuen’s Monographs on Chemical 
Subjects.) 

[DENMARK]. Statens Vitamin-Laboratorium. Med- 
delelser. Vol. 1, 1942; edited by L. S. Fripericia, 
Vol. 2, 1951; edited by Ertk Unt. Kjobenhavn 
1942—51. [Various pp.] (Reference.) 

DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
RESEARCH. Bibliography of industrial drying. 3 vols. 
London 1951. pp. xxxv + 802. (Reference.) 

A survey of the sulphur and sulphuric acid 
position. By R. Asuton, A. L. THoRoGoop, and 
D. NEvILLE-JonEs. London 1952. pp. ii + 25. 

DeEvEL, Harry JAMES, JR. The lipids; their 
chemistry and biochemistry. Vol. 1. Chemistry. 
New York 1951. pp. xxiv + 982. ill. 

DEUTSCHE GERBERSCHULE ZU FREIBERG IN 
SACHSEN. Jahresbericht. Vols. 2—6. Freiberg 
1890—95. (Reference.) 

Duar, Nit Ratan [and others]. Coals and their 
use as manure. Allahabad 1950. pp. 72. ill. 
(From Proc. Nat. Acad. Sci., India, 1950, 19.) (Re- 
ference.) 

Dickson, J. Home. See Exriotrt, A. 

DijKsTRA, RENGER. Imenen afgeleid van methyl- 
sulfonylacetonitrile. Groningen 1952. pp. [iv] +72. 
ill. 

Dirksen, H. A. See INSTITUTE oF Gas TECH- 
NOLOGY. Research Bulletin No. 10. 


See PROGRESS IN ORGANIC 


Oxford 





DONALD, MAXWELL Bruce. See STEVENS, HENRY 
POTTER. 

Doss, M. P. See Texas CoMPANY. 

[Dossiz, Ropert.}] The laboratory laid open; 
or, The secrets of modern chemistry and pharmacy 
revealed. 2nd edition. London 1768. pp. xviii + 
[ii] + 456 + [8]. 

DouGaLt, JoHn. See Born, Max. 

Dow, HERBERT HENRY. See CAMPBELL, MURRAY. 

DuNCAN, JAMES Francis. See Cook, GERALD 
BERNARD. 

Duntop, E. C. See AMERICAN SOCIETY FOR 
TESTING MATERIALS. 

Du Pont DE Nemours, E. I., & Co. Du Pont, 
the autobiography of an American enterprise. 
Published in commemoration of the 150th anniversary 
of the founding of the company on July 19, 1802. 
Wilmington 1952. pp. vi + 138. ill. 

DuvEEN, Denis I., and OFFENBACHER, EMIL. 
An alchemical correspondence in Germany under the 
Nazi régime. New York 1951. pp. 29. 

See also GROLIER GLUB. 

Eakins, J. See Ministry OF SupPpPLy. 
Energy Research Establishment. 

EITteEL, WILHELM. Thermochemical methods in 
silicate investigation. New Brunswick, N.J. 1952 
pp. x + 132. ill. 

Extiott, A., and Dickson, J. Home. 
instruments; their design and application. 
1951. pp. 414. ill. 

EmMELEus, Harry JuLius, and ANDERSON, JOHN 
Stuart. Modern aspects of inorganic chemistry. 
2nd edition. London 1952. pp. xi + 557. ill. 

EMSCHWILLER, Guy. Chimie physique. Vol. 1. 
Thermodynamique chimique, equilibres gazeux. Paris 
1951. pp. xix + 440. ill. 

FAHRENHORST, EBERHARD. See BULIAN, WALTER. 

FAIRRIE, GEOFFREY. The sugar refining families 
of Great Britain. London 1951. pp. xii + 35. ill. 

FARADAY, MICHAEL. See HOLMBOE, CARL FRED. 

FEDERATION INTERNATIONALE PHARMACEUTIQUE. 
Acta Pharmaceutica Internationalia. Vol. 1, etc. 
Copenhagen 1950+. (Reference.) 

FIELD, SAMUEL, and WEILL, A. DupLEy. Electro- 
plating; a survey of modern practice, including the 
analysis of solutions. 6th edition. London 1951. 
pp. x + 546. ill. 

FINDLAY, ALEXANDER. The phase rule and its 
applications. 9th edition. By ALAN NEWTON 
CAMPBELL and N. O. Situ. New York 1951. 
pp. [xii] + 494. ill. 

FIisHER SciIENTIFIC Co. Manual of 
safety. Pittsburgh [1950]. pp. 38. ill. 
FLASCHENTRAGER, B. See HAMMARSTEN, OLOF. 

Furnt, H. T. See Worsnop, B. L. 

Forrst, WILHELM. See ULLMANNS ENCYCLO- 
PADIE DER TECHNISCHEN CHEMIE. 

FONROBERT, Ewatp. Das Holzél; Herkunft, 
Gewinnung, Handel, Eigenschaften, Chemie, Priifung 
und Verwendung. Stuttgart 1951. pp. 552. ill. 

FRANCIS, WILFRID. See REMINGTON, JOHN 
STEWART. 

FREEZE, Paut D. See US. 
merce. National Bureau of Standards. 
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Frey-Wyssiinc, A. Editor. Deformation and 
flow in biological systems. Amsterdam 1952. pp. 
xii + 552. ill. (Deformation and Flow Mono- 
graphs.) 

Fripericia, L. 
Vitamin-Laboratorium. 

FRIEDEL, ROBERT 


S. See [DENMARK]. Siéatens 
MILTON. 
New 


(Re- 


A., and ORCHIN, 


Ultraviolet spectra of aromatic compounds. 
[Looseleaf file.] 


York 1951. 
ference.) 

FRIEND, JOHN Newton. Man and the chemical 
elements from stone-age hearth to the cyclotron. 
London 1951. pp. ix + 354. ill. 

Fritz, James S. Acid-base titrations in _non- 
aqueous solvents. Columbus, Ohio 1952. pp. viii + 
47. ill. 

Froman, Darot K. See GRAvEs, ALVIN C. 

FROMHERZ, Hans. See KING, ALEXANDER. 

Fujita, Yasuj1. Fundamental studies of essential 
oils. Osaka 1951. pp. xv + 627. ill. (Ogawa Per- 
fume Times, 1951, No. 202.) [In Japanese. } 

Fuvoss, RayMonp M. The development of theo- 
retical electrochemistry. State College, Pennsylvania 
1948. pp. vi+ 24. (22nd Annual Priestley Lec- 
ture, Phi Lambda Upsilon and Department of 
Chemistry, Pennsylvania State College.) 

Gaucin, R. See CHARLOT, G. 

GESELLSCHAFT DEUTSCHER NATURFORSCHER UND 
Arzte. Das alte und das neue Pulver. By B. 
Lepsius. Leipzig 1891. pp. 24. (Verhandlungen 
1891, allgemeiner Theil). (Reference.) 

GILBERT, LionEL Feiix. W. H. Wollaston MSS. 
at Cambridge. [London 1952.] pp. [23]. ill. 
(From Notes and Records Roy. Soc. London, 1952, 9.) 

G1RAL, Jose. See PARTINGTON, JAMES RIDDICK. 

GLasGcow UNIVERSITY. Summaries of theses ap- 
proved for higher degrees in the Faculty of Science 
during the academical year 1949—50, and year 
1950—51. Glasgow 1951—52. pp. vii + 56; vii + 
52. 

Giass, BENTLY. See McELRoy, WILLIAM D. 

GnamM, Hetitmut. Die Fettstoffe des Gerbers; 
ein Fachbuch fiir das Gebiet der Lederfette, Leder- 
fettung und Lederimpragnierung. 2nd_ edition. 
Stuttgart 1951. pp. xi + 248. 

GODDARD, FREDERICK WALTER. Higher chemical 
arithmetic. London 1951. pp. viii + 221. 

G6tTzE, Kurt. Chemiefasern nach dem Viskose- 
verfahren (Reyon und Zellwolle). 2nd edition of 
Kunstseide und Zellwolle nach dem Viskoseverfahven. 
Berlin 1951. pp. xii + 739. ill. 

GONNERMAN, H. F. See AMERICAN SOCIETY FOR 
TESTING MATERIALS. 

Goop1nG, F. J., and MeicuH, Epwarp. Glass and 
W. E. S. Turner, 1915—51l. Sheffield 1951. pp. 
144. ill. 

GoopsPEED, F. E. See CANADA. 
Mines and Technical Surveys. Mines Branch. 
port No. 832. 

Goopwin, TREVOR WALWORTH. 
biochemistry of the carotenoids. 
pp. x + 356. ill. 

Grant, Juttus. See PrREGL, Fritz. 

Graves, Arvin C., and FROMAN, 


pp. vi + [369}. 


Department of 
Re- 


The comparative 
London 1952. 


DarRoL K. 





Editors. Miscellaneous physical and chemical tech- 
niques of the Los Alamos project; experimental 
techniques. New York 1952. pp. xiii + 323. ill. 
(National Nuclear Energy Series.) 

GROLIER CLuB. Catalogue of printed works by 
and memorabilia of ANTOINE LAURENT LAVOISIER, 
1743—1794 [from the collection of Denis I. Duveen] 
exhibited . . . February 19th to March 30th, 1952. 
New York 1952. pp. 79. [Two copies.] 

GuERIN, HeEnrI. Traité de manipulation et 
d’analyse des gaz. Paris 1952. pp. vii + 635. ill. 

GUGGENHEIM, EDWARD ARMAND. Mixtures. The 
theory of the equilibrium properties of some simple 
classes of mixtures, solutions and alloys. Oxford 
1952. pp. x + 270. ill. 

GUGGENHEIM, Markus. Die biogenen Amine und 
ihre Bedeutung fiir die Physiologie und Pathologie 
des pflanzlichen und tierischen Stoffwechsels. 4th 
edition. Basel 1951. pp. xv + 619. 

GUHA, PRAPHULLA CHANDRA. See INDIAN INSTI- 
TUTE OF SCIENCE. Department of Organic Chemistry. 

GUINIER, ANDRE. X-Ray crystallographic tech- 
nology. Translated by T. L. Tippett from Radio- 
cristallographie, 1945. Edited by KATHLEEN Lons- 
DALE. London 1952. pp. xiii + 330. ill. 

GuLF RESEARCH and DEVELOPMENT Co. A source 
book of technical literature on fractional distillation. 
Pittsburgh 1951.] pp. [v] + 259 + [ii] + 129. ill. 

GurR, GEORGE TuHomMAS. Biological staining 
methods. 5thedition. London 1952. pp. vii + 87. 
ill. 

GUTENBERG, BENO. See WASHINGTON, H. S. 

GUTTMANN, Oscar. Schiess- und Sprengmittel, 
Leipzig 1901—04. pp. 7; 3; 3; 3; 5; 6. (From 
Chemische Zeitschrift, 1901—04). 

HAcGc, GuNNAR. Die theoretischen Grundlagen 
der analytischen Chemie. Basel 1950. pp. 197. ill. 

HAGGLUND, Erik. Chemistry of wood. [New 
revised English edition.} New York 1951. pp. 
x + 631. ill. 

HALL, ARCHIBALD JOHN. Editor. 
auxiliaries. Manchester 1952. 
ference.) 

HAMMARSTEN, OLoF. Physiologische Chemie; ein 
Lehr- und Handbuch fiir Arzte, Biologen und Chemi- 
ker. Bd. 1. Die Stoffe. Edited by B. FLascHEn- 
TRAGER and E. LEHNARTZ. Berlin 1951. pp. viii + 
1600. ill. 

HANDBUCH DER PRAPARATIVEN ANORGANISCHEN 
CHEMIE. Lfgn. 1—6. Edited by Grorc BRAUER. 
STUTTGART 1951—52. pp. 960. ill. (Reference.) 

HARKINS, WILLIAM DRAPER. The physical chem- 
istry of surface films. New York 1952. pp. xvi + 
413. ill. 

HarRLeY, JOHN H. See Bassett, LEwts G. 

HarRPER, E.A. See MINISTRY OF SUPPLY. 
Energy Research Establishment. 

Harris, LESLIE JuLtus. Vitamins; 
current knowledge. London 1951. 
ill. 

Harris, MARGARET MANDERSON. 
Eustace EBENEZER. 

Harris, R. J.C. See INSTITUTE oF BioLocy. 

HartroucH, Howarp D. Thiophene and _ its 


Modern textile 
pp. xii + 200. (Re- 


Atomic 


a digest of 
pp. xii + 244. 


See TURNER, 


derivatives; with special chapters by F. P. Hocu- 
GESANG and F. F. Biicke. New York 1952.. pp. 
xvii + 533. ill. (Chemistry of Heterocyclic Com- 
pounds Series.) 

Harvey, Epmunp Newton. Bioluminescence. 
New York 1952. pp. xvi + 649. ill. 

HatTTon, HARRISON. See CAMPBELL, MURRAY. 

Hayuurst, Horace. Infestation of stored pro- 
ducts. Manchester 1951. pp. 10. (From Mem. 
Proc. Manchester Lit. Phil. Soc., 1951—52, 93.) 
(Reference.) 

HAYNES, WILLIAMS. 
commercial synonyms ; 
usage. New York 1951. 

HecHT, HORSTMAR. 
Chemie. Berlin 1951. 

HEDVALL, JOHAN 


Chemical trade names and 
a dictionary of American 
pp. iv + 279. (Reference.) 
Praparative anorganische 

pp. vii + 216. ill. 

Arvip. Einfiihrung in die 

Festkérperchemie. Braunschweig 1952. pp. viii + 

292. ill. (Die Wissenschaft, Bd. 106.) 

HEERMANN, Pau. Farberei- und textilchemische 
Untersuchungen. 8th _ edition. By ANDREAS 
AGSTER. Berlin 1951. pp. vi + 438. ill. 

HEGAN, HORACE JAMES. See TEXTILE INSTITUTE. 

HEMPEL, THEODOR [and others]. Die Seife und 
ihre Herstellung. Augsburg 1952. pp.xv + 660. ill. 

HENRY, NorMan F. M. See INTERNATIONAL 
UNION OF CRYSTALLOGRAPHY. 

Henry, WIiLtiAM. An epitome of chemistry, in 
three parts. 2ndedition. London 1801. pp. xvi + 
222. 

HERLIN, MELVIN A. See ALLis, WILLIAM P. 

HESSELGESSER, JAMES M. See Morey, GEORGE W. 

HILDEBRAND, JoEL H. See LATIMER, WENDELL 
MITCHELL. 

HocuHGESANG, F. P. See HartouGu, Howarp D. 

HopGMAN, CHARLES D. Editor. Handbook of 
chemistry and physics; a ready-reference book of 
chemical and physical data. 33rd edition. Cleve- 
land 1951. pp. xxi + 2894. (Reference.) 

Ho_LMBOE, CARL FRED. Michael Faraday. 
1943. pp. 191. ill. [In Norwegian.]} 

HOLMSTROM, JOHN Epwin. Bibliography in inter- 
lingual scientific and technical dictionaries. 2nd 
edition. Paris 1951. pp. 231. (Reference.) 

HupswELL, F. See MINIistry OF SUPPLY. 
Energy Research Establishment. 

HunT, WALTER FRED. See 
HENRY. 

HuTTRER, CHARLES P. 


Oslo 
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Kraus, EDWARD 
See U.S. NatIonaL RE- 
SEARCH CouNcIL. Chemical Biological Coordination 
Center. Review No. 3. 

ILLUMINATI, GABRIELE. See READ, JOHN. 

IMPERIAL CHEMICAL INDUSTRIES, Ltp. Dissolving 
caustic soda and handling its solutions. [London 
1952.) pp. 16. ill. (Reference.) 

INDIAN INSTITUTE OF SCIENCE. Department of 
Organic Chemistry. A souvenir presented to Pro- 
fessor Praphulla Chandra Guha on his retirement 
from the . . . Institute ... June 28, 1952. ([Bio- 
graphical sketch and researches.} Bangalore [1952]. 
pp. iv + 46. ill. 

INSTITUTE OF BIOLOGY. 
report of a symposium held in June, 1951. 
by R. J. C. Harris. [London 1952.] 


Freezing and drying; 


Edited 
pp. 206. ill. 





INSTITUTE OF Gas TECHNOLOGY. Research Bulletin 
No: 10. Sulfur poisoning of nickel catalysts. By 
C. H. Rresz, H. A. Dirksen, and W. J. KirKPATRICK. 
Chicago 1951. pp. [iv] + 23. ill. 

——-—— No. 11. Expansion behaviour of coal 
during carbonization; a literature study. By O. P. 
Bryscnh and W. E. Batt. Chicago 1951. pp. 
iv] + 60. ill. The Institute. 

INSTITUTE OF PETROLEUM. Oil shale and cannel 
coal. Vol. 2. Proceedings of the 2nd Oil shale and 
cannel coal conference... held... July, 1950. 
Edited by GrorGe Seti. London 1951. pp. xx + 
832. ill. 

Standard methods for testing petroleum and 
its products. 12th edition. London 1952. pp. 
xix + 727. ill. 

INSTITUTE OF Puysics. Further laboratory and 
workshop notes. A second selection reprinted from 
the Journal of Scientific Instruments. Compiled and 
edited by RutH Lanc. London 1951. pp. xii + 
290 + 8 plates. ill. 

INTERNATIONAL CONFERENCE ON COAL PREPAR- 
ATION, Paris, 1950. Proceedings. Paris 1950—51. 
pp. 887. ill. (Rev. Ind. Minerale, 1950—51, Special 
nos. 1—6.) (Reference.) 

INTERNATIONAL CONGRESS OF PURE AND APPLIED 
CHEMISTRY, 12TH. New York, 1951. Abstracts of 
papers. Washington, D.C. 1951. pp. 664. (Re- 
ference.) 

INTERNATIONAL FEDERATION FOR DOCUMENTATION. 
See UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND 
CULTURAL ORGANIZATION. 

INTERNATIONAL MATERIALS CONFERENCE, Washing- 
ton, D.C., 1951. Utilization of manganese, nickel, 
cobalt, tungsten, molybdenum. Ist report of the 
joint subcommittee. [Washington, D.C. 1952.) 
pp. 94. 

INTERNATIONAL POLAROGRAPHIC CONGRESS, IST, 
Prague, 1951. Proceedings. 3 vols. ([Prague 
1951—52.] pp. 865; 194; 774. ill. (Reference.) 

INTERNATIONAL UNION OF CRYSTALLOGRAPHY. 
Structure Reports. Vol. 11, 1947—48, etc. Edited 
by A. J. C. Witson [and others]. Utrecht 1951+. 
( Reference.) 

International tables 
graphy. Vol. 1. Symmetry groups. Edited by 
NorMAN F. M. Henry and KATHLEEN LONSDALE. 
Birmingham 1952. pp. xi + 558. ill. (Reference.) 

IvaNovszky, LEo. Waxchemistry and technolog . 
London 1952. pp. [ii] + 44. ill. (From Soap, 
Perfumery, Cosmetics, 1951—52, 24—25.) 

Jacoss, Morris Boris. The chemical analysis of 
foods and food products. 2nd edition. New York 
1951. pp. xxiv + 902. ill. 

Janes, T. H. See Canapa. 
and Technical Surveys. 
dum Series, No. 118. 

JANISTYN, HuGo. Riechstoffe, Seifen, Kosmetika. 
2 vols. Heidelberg 1950. pp. iv + 735; iii + 543. 
ill. 

JELLINEK, Kar. Verstandliche Elemente der 
Wellenmechanik. Eine E/infiihrung fiir experi- 
mentelle Naturwissenschaftler. 2vols. Basel 1950— 
51. pp. xii + 304; xi, 305 to 601. ill. 


for X-ray crystallo- 


Department of Mines 
Mines Branch. Memoran- 


JouNson, Percivat Norton. 
DONALD. 

Jones, C.W. SeeU.S. Department of the Interior. 
Bureau of Mines. Bulletin 503. 

Jones, TupoR STANLEY GEORGE. 
J. N. 

JorpDAN, Louis ARNoLD. Editor. Oils for the 
paint industry; a comprehensive review of natural 
drying and semi-drying oils for use in paint manu- 
facture including new experimental studies. Report 
on the evidence given to the Board of Trade by the 
industry members of a discussion group . . . Ted- 
dington 1951. pp. 264. ill. 

Jost, WirtHetm. Diffusion in 
gases. New York 1952. 
(Physical Chemistry Series.) 

JouRNAL OF GENERAL CHEMISTRY. 
Academy of Sciences. 

Jowett, Hooper ALBERT DICKINSON. 
examination of cascara bark. London 
pp. 24. (Reference.) 

KAINER, FRANZ. Kieselgur ihre Gewinnung, Vered- 
lung und Anwendung. 2nd edition. Stuttgart 1951. 
pp. xii + 283. ill. (Sammlung chemischer und 
chemisch-technischer Vortrage, Neue Folge, Heft 32.) 

Polyvinylchlorid und Vinylchlorid-Mischpoly- 
merisate. Berlin 1951. pp. xii + 698. ill. (Chem- 
ische Technologie der Kunststoffe in Einzeldarstel- 
lungen.) 

Katz, JosepH J., and RABINOWITCH, EUGENE. 
The chemistry of uranium. Part 1. The element, 
its binary and related compounds. New York 
1951. pp. xxi-+ 609. ill. (National Nuclear 
Energy Series.) 

Keitu, M.L. See Yopner, H. S. 

KENNEDY, JosEPH W. Radioactive atoms and 
isotopic tracers. State College, Pennsylvania 1952. 
pp. vi+ 89. ill. (26th Annual Priestley Lecture, 
Phi Lambda Upsilon and Departments of Chemistry 
and Chemical Engineering, Pennsylvania State 
College.) 

KENT, FRANCIS LAWRENCE. 
SCIENTIFIC PERIODICALS. 

Kerk, G. J. M. vAN DER. See LuijTeNn, J.G. A. 

KERTESZ, ZOLTAN ImRE. The pectic substances. 
New York 1951. pp. xvi + 628. ill. 

KiInG, ALEXANDER, and FROMHERZ, Hans. Ger- 
man-English chemical terminology; an introduction 
to chemistry in English and German. 2nd edition. 
London 1951. pp. xv + 361. 

KINGZETT, CHARLES THomaAs. Chemical encyclo- 
pedia; a digest of chemistry and its industrial 
applications. 8th edition, edited by Rarpn K. 
Stronc. London 1952. pp. xii + 1186. ill. (Re- 
ference.) 

KIRKPATRICK, W. J. See INSTITUTE OF 
TECHNOLOGY. Research Bulletin No. 10. 

KIRSHENBAUM, Istpor. Physical properties and 
analysis of heavy water. Edited by Harotp C. 
Urey and Georce M. Murpuy. New York 1951. 
pp. xv + 438. ill. (National Nuclear Energy Series.) 

Kistiuk, Paut. See U.S. Department of Com- 
merce. National Bureau of Standards, Circular 518. 

Kittet, Hans. Farben-, Lack- und Kunststoff- 


See McDona.p, 


See BALSTON, 


solids, 
pp. xi-+ 


liquids, 
558. ill. 


See U.S.S.R. 
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Lexikon. Nachschlagewerk iiber Begriffe, Verfahren, 
Rohstoffe, Prufmethoden, Zwischenprodukte und 
Fertigerzeugnisse. Stuttgart 1952. pp. 858. (Re- 
ference.) 

KLICKSTEIN, HERBERT S. 
MARSHALL, 

Ki6pPpiInc, HEIN Louis. Chemical constitution 
and antifungal action of sulphur compounds. Utrecht 
1951. pp. xi + 142. ill. 

KLOOSTERZIEL, HENDRIK. 
of the sulphonyl group. 
iv + 63. ill. 

Kocn, JuLius. Neuzeitliche Erkenntnisse 
dem Gebiet der Siissmostherstellung. 
Main 1951. pp. 80. ill. 
Kellertechnik, Bd. 1.) 

KOGLIN, WALDEMAR. 
der Chemie ; 


See LEICESTER, HENRY 


Structure and function 
Groningen 1952. pp. 


auf 
Frankfurt am 
(Fortschritte in der 


Editor. Kurzes Handbuch 
die Eigenschaften der Elemente und 
Verbindungen. Vol. 1. A—Bix, Gottingen 1951. 
pp. 432. (Reference.) 

Ko.tsTEerR, T. A. Technical dictionary, English 
Spanish, Spanish-English. Caracas [1952?]. pp. 
[402]. (Reference.) 

Ko LtHoFfF, IsAAK Maurits, and LINGANE, JAMEs J. 
Polarography. 2nd edition. Vol. 1. Theoretical 
principles, instrumentation and technique. Vol. 2. 
Inorganic polarography, organic polarography, bio- 
logical applications, amperometric titrations. 
York 1952. 

KONGL. 
for Fysik. 
(Reference.) 

KOPACZEWSKI, W. Physico-chimie du lait; aspect 
théoretique et industriel. Paris 1950. pp. 
177. ill. 

KRAvuS, EpwarD HENRY, Hunt, WALTER FRED, 
and RAMSDELL, LEwis STEPHEN. Mineralogy; an 
introduction to the study of minerals and crystals. 
4th edition. New York 1951. pp. ix + 664. ill. 

KrvuyT, H. R. Editor. Vol. 1. 
Irreversible systems. pp. xx + 
389. ill. 

KUcHLER, L. Polymerisationskinetik. 
pp. viii + 287. ill. 

LABORATORY PRACTICE. 
1952+. (Reference.) 

LAER, Marc H. van. 
2nd edition. Vol. 1. 
1949. pp. 414. ill. 

LANDE, ALFRED. Quantum mechanics. 
1951. pp. x + 307. ill. 

LANG, Rutu. See INSTITUTE OF PuysIcs. 

LANGE, Bruno. Kolorimetrische Analyse. 
edition. Weinheim 1952. pp. xxiii + 395. ill. 

LANGFORD, KENNETH E. Analysis of electroplat- 
ing and related solutions. Teddington 1951. pp. 
xi + 369. ill. 

LANGTON, HAROLD 
ROBERT SELBY. 

LATIMER, WENDELL MITCHELL. The oxidation 
states of the elements and their potentials in aqueous 
solutions. 2nd edition. New York 1952. pp. 
xvii + 392. ill. 

LATIMER, WENDELL MITCHELL, and HILDEBRAND, 


New 
pp- xvii + 420; xvii, 421 to 990. ill. 
SVENSKA VETENSKAPSAKADEMIE. Arkiv 
Band 3, etc. Stockholm 1951—52-+-. 


vill + 


Colloid science. 
Amsterdam 1952. 


Berlin 1951 


Vol. 1, etc. London 


La chimie des fermentations. 
Notions générales. Liége 


London 


4th 


McKee. See MorRRELL, 


Jott H. Reference book of inorganic chemistry. 
3rd edition. New York 1951. pp. xiii + 625. ill. 

LAVOISIER, ANTOINE LAURENT. See GROLIER 
GLUB. 

See also McKie, DouG Las. 

LEDERER, MICHAEL. Progrés récents de la chroma- 
tographie. Part 2. Chimie minérale. Paris 1952. 
pp. 131. ill. (Actualités Scientifiques et Indus- 
trielles.) 

Lee, A. R. Reaction of oxygen with road tar 
[London 1952.) pp. 3. 

LEFAUX, RENE. Toxicologie des matiéres plasti- 
ques et des composés macromoléculaires. Paris 
1952. pp. [iv] + 144. 

LEHNARTZ, E. See HAMMARSTEN, OLOF. 

LEICESTER, HENRY MARSHALL, and KLICKSTEIN, 
HERBERT S. A source book in chemistry, 1400— 
1900. New York 1952. pp. xvi+ 554. ill. 

LempBacn, R. Die atherischen Ole. Eine kurze 
Darstellung ihrer Gewinnung und Untersuchung und 
eine Zusammenstellung ihrer wichtigsten Merkmale. 
2nd edition. By Konrap Bournot. Halle (Saale) 
1951. pp. xi-+ 271. ill. (Monographien  iiber 
chemisch-technische Fabrikationsmethoden, Bd. 21.) 

LEONARD, FREDERICK. See U.S. NATIONAL RE- 
SEARCH CounciL. Chemical-Biological Coordination 
Center. Review No. 3. 

Lepsius, B. See GESELLSCHAFT DEUTSCHER 
NATURFORSCHER UND ARZTE. 

LercH, WILLIAM. See AMERICAN SOCIETY 
TESTING MATERIALS. 

LESTRANGE, RAYMOND. 

LINGANE, JAMES J. 
Maurits. 

Lips, H. J. Color in food fats. [Ottawa 1950). 
pp. [5]. (From Food in Canada, 1950). (Reference.) 

LipsETT, CHARLES H. Industrial wastes, their 
conservation and _ utilization. New York 1951. 
pp. xi + 317. 

LoasBy, GEOFFREY. See TEXTILE INSTITUTE. 

LONSDALE, KATHLEEN. See GUINIER, ANDRE. 

—— See also INTERNATIONAL UNION OF CRYSTAL- 
LOGRAPHY. 

Lu1JTEN, J. G. A., and Kerk, G. J. M. VAN DER. 
A survey of the chemistry and applications of organo- 
tin compounds. Greenford 1952. pp. 30. ill. 

LuMSDEN, Joun. Thermodynamics of alloys. 
London 1952. pp. xv + 384. ill. (Institute of 
Metals, Monograph and Report Series, No. 11.) 

Lworr, ANDRE. Editor. Biochemistry and 
physiology of protozoa. Vol. 1. New York 1951. 
pp. x + 434. ill. 

Maass, HEINRICH. 
1951. pp. 402. ill. 

McCuTcHEON, JOHN W. Synthetic detergents. 
New York 1950. pp. 435. ill. 

McDonatp, DonaLp. Percival Norton Johnson ; 
the biography of a pioneer metallurgist. London 
1951. pp. 224. ill. 

McELroy, WiLiiam D., and Grass, BENTLY. 
Editors. Copper metabolism; a symposium on 
animal, plant, and soil relationships, sponsored by the 
McCollum-Pratt Institute of the Johns Hopkins 
University. Baltimore 1950. pp. viii + 443. ill. 
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See Brock, RICHARD J. 
See Ko.tuorr, ISAAK 


Die Pektine. Braunschweig 





McGinnis, R. A. Editor. Beet-sugar technology. 
New York 1951. pp. xv + 574. ill. 

McGowan, Baron. (Harry Duncan McGowan). 
See Royat INsTITUTE OF CHEMISTRY. Lectures, 
Monographs, and Reports 1951, No. 3. 

Macnuu, WILLI. Das Wasserstoffperoxyd und die 
Perverbindungen. 2nd edition. Wien 1951. pp. 
xii + 396. ill. 

McKie, DovuG.Las. 
economist, social 
viii + 335. ill. 

MACNEVIN, WILLIAM MarsHALL. The analytical 
balance, its care and use. Sandusky, Ohio 1951. 
pp. xii + 60. ill. 

Mapan, A. K. The economic prospects of chemical 
industries in India. Bombay 1949. pp. [ix] + 402. 

MappIson, RoBERT Epwin Witton. Studies in 
the life of Robert Boyle, F.R.S. Part 1. Robert 
Boyle and some of his foreign visitors. Part 2. 
Salt water freshened. Part 3. The charitable dis- 
posal of Robert Boyle’s residuary estate. [London 
1951—52. pp. 35; 21; 13.) (From Notes and 
Records Rov. Soc. London, 1951—52, 9—10.) (Re- 
ference.) 

MALAYA, FEDERATION OF. Institute for Medical 
Research. Bulletin, New Series, No. 5. A study of 
the nutritional value of some varieties of Malayan 
rice. By I. A. Simpson, A. Y. CHow, and C. C. Son. 
Kuala Lumpur 1951. pp. 28. ill. (Reference.) 

——No. 6. The _ distribution of 


scientist, 
1952. pp. 


Antoine Lavoisier, 
reformer. London 


thiamine and riboflavine in rice grains; with a study 


of changes that occur in the distribution of thiamine 
during the process of parboiling rice. By I. A. 
Stmpson. Kuala Lumpur 1951. pp. 19. ill. (Re- 
ference.) 

MANDLEBERG, C. J. See MINISTRY 
Atomic Energy Research Establishment. 

MANEGOLD, ERIcH. Emulsionen. 
1952. pp. 326. ill. 

MANN, FREDERICK 


OF SUPPLY. 
Heidelberg 


GEORGE, and SAUNDERS, 
BERNARD CHARLES. Practical organic chemistry. 
3rd edition. London 1952. pp. xv + 466. ill. 

MARCH, ARTHUR. Quantum mechanics of particles 
and wave fields. New York 1951. pp. x + 292. 

MarK, HERMAN. See ALFREY, TURNER. 

MARON, SAMUEL HERBERT. See PRUTTON, CARL F. 

MaryotTtT, ARTHUR A. See U.S. Department of 
Commerce. National Bureau of Standards. Circular 
514. 

MEETHAM, A. R. 
origins and prevention. 
268. ill. 

MEIGH, Epwarp. See GoopinG, F. J. 

MENLEY & James, Ltp. Literature Research 
Department. A survey of some recent articles on 
the chemotherapy of urinary-tract infections. Lon- 
don 1951. pp. 16. (Reference.) 

Merck & Co. The Merck index of chemicals and 
drugs. 6thediticn. Rahway, N.J.1952. pp.xiv + 
1167. (Reference.) 

MICHAELIS, LEONOR. See Barron, E. S. GuZMAN 

MIDDLETON, ARTHUR R., and WILLARD, JOHN W. 
Semimicro qualitative analysis. London 1952. pp. 
xi + 448. ill. 


Atmospheric pollution, its 
London 1952. pp. viii + 


Elektrochemie; theoretische 
Translated from 
Wien 1952. 


MiLazzo, GIULIO. 
Grundlagen und Anwendungen. 
the Ist Italian edition by W. ScCHWABL. 
pp. xiii + 419. ill. 

Mitcer, A. R. See Roperts, J. KEITH. 

MiLnErR, C. J. A cold-cathode mass spectrometer 
leak detector. Rugby [1952}. pp. 8. ill. (From 
J. Sci. Instruments, 1951. Suppl. No. 1). 

MiLner, G. W. C. See MINISTRY OF 
Atomic Energy Research Establishment. 

MILNER, Max. A titration method for the deter- 
mination of catechol oxidase activity in drug plant 
tissues. [St. Paul, Minn. 1951.) pp. [14.) ill. 
(From Cereal Chem., 1951, 28.) 

MILNER, Max, and GouLp, M. R. The quantit- 
ative determination of phenol oxidase activity in 
wheat varieties. [St. Paul, Minn. 1951.) pp. [6. 
(From Cereal Chem., 1951, 28.) 

MINERALOGICAL Society. Clay Minerals Group. 
X-Ray identification and crystal structures of clay 
minerals. Edited by G. W. BrinpLey. London 
1951. pp. vii + 345. ill. 

MINISTRY OF SUPPLY. Selected Government Re- 
search Reports, Vol. 3. Protection and electro- 
deposition of metals. London 1951. pp. v + 350. 
ill. 

—— —— Vol. 9. Powder metallurgy. 
1951. pp. iv + 159. ill. 

Atomic Energy Research Establishment. Radio- 
active isotopes in mineral dressing research. By 
Joun S. Carr. Harwell 1952. pp. [ii] + 30. 

The analysis of uranium-tantalum and 
uranium-niobium alloys. By G. W. C. MILNER and 
A. J. Woop. Harwell 1952. pp. [ii + 13). 

——-—— The chemical manipulation of 200- 
gram amounts of irradiated thallium at the activity 
level of about 5 curies of Tl. The reaction 
T1*3(n, p)Hg**. By W. J. ArRRoL, J. CHADWICK 
fand| J. Eakins. Harwell 1952. pp. 7. ill. 

——- —— The determination of oxygen in uranium 
oxides. By L. E. J. Roperts and E. A. HARPER 
Harwell 1952. pp. [ii] + 4. 

—— —— The equilibrium constant for the dys- 
prosium-T.T.A.—benzene system. By F. W. CorNIsuH. 
Harwell 1952. pp. i+ 3. 

——- ——— Thin films. 
the Chemistry Division. . . . March, 1951. 
by F. Hupswe i and C. J. MANDLEBERG. 
1952. pp. iv + 43 + iv. ill. 

MINISTRY OF SUPPLY, and CENTRAL OFFICE OF 
INFORMATION. Harwell, the British Atomic Energy 
Research Establishment, 1946—51. London 1952 
pp. 128. ill. 

Moakes, R. C. W. See RESEARCH 
OF BRITISH RUBBER MANUFACTURERS. 

MoOHLER, HERMANN. Chemische Optik. 
1951. pp. 296. ill. 

Momser, W. Der Dampf in der chemischen 
Technik. Halle a. S. 1908. pp. [iv] + 104. ill. 
(Monographien iiber chemisch-technische Fabrika- 
tions-Methoden, Bd. 11). 

Monp NIcKet Co., Ltp. 
nickel. [By A. C. STURNEY.] 
vi + 63. ill. 


SUPPLY. 


London 


A symposium sponsored by 
Edited 
Harwell 


ASSOCIATION 


Aarau 


The story of Mond 
fLondon)} 1951. pp. 





MONSANTO CHEMICALS, Ltp. Sodium benzoate as 
a corrosion inhibitor. [London 1952.] pp. 16. ill. 

MONYPENNY, JOHN HENRY GILL. Stainless iron 
and steel. 3rd edition. Vol. 1. Stainless steels in 
industry. London 1951. pp. xii + 524. ill. 

Morey, GEoRGE W., and HESSELGESSER, JAMES M. 
The solubility of some minerals in superheated steam 
at high pressures. Washington, D.C. 1952. pp. 
(15). (Carnegie Institution of Washington, Geo- 
physical Laboratory Papers, No. 1159.) (From 
Economic Geology, 1951, 46.) 

MorGAN, PuHILitp. See British Prastics Con- 
VENTION, 1951. 

MoRRELL, ROBERT 
resins and allied plastics. 
Harotp McKEE 
xvii + 747. ill. 

Morris, T. N. See Bate-Smitu, E. C. 

Morrison, F. R. See PENFOLD, A. R. 

Murpuy, GEorRGE M. See CoHEN, Karv. 

See also KIRSHENBAUM, IsIDOR. 

NACHTRIEB, NORMAN H. Principles and practice 
of spectrochemical analysis. New York 1950. pp. 
x + 324. ill. 

NASINI, RAFFAELLO. 
di Stanislao Cannizzaro. 
(Reference.) 

NATHAN, SIR FREDERIC L. Improvements in 
production and application of guncotton and nitro- 
glycerine. [London] 1909. pp. 15. (Reference.) 

NATIONAL COAL Boarp. Scientific Department. 
Research Paper No. 1. The use of PVC in the manu- 
facture of non-inflammable conveyor belts. By 
J. T. Barcray. London 1952. pp. [ii] + 10. 

NATIONAL FORMULARY. See BRITISH MEDICAL 
ASSOCIATION. 

NATIONAL PHYSICAL LABORATORY. Recent de- 
velopments and techniques in the maintenance of 
standards. Proceedings of a symposium held .. . 
May, 1951. London 1952. pp. iv + 100. ill. 

NEVILLE-JongES, D. See DEPARTMENT OF SCIEN- 
TIFIC AND INDUSTRIAL RESEARCH. 

NICHOLLS, JOHN Ratpu. Aids to the analysis of 
food and drugs. 7th edition. London 1952. pp. 
vii + 516. 

Nicotis, J. H. H. See Canapa. 
Mines and Technical Surveys. 
port No. 831. 

NIELSEN, ANDERS. An investigation on promoted 
iron catalysts for the synthesis of ammonia. Copen- 
hagen 1950. pp. 123. ill. 

NoLLeR, CARL Rospert. Chemistry of organic 
compounds. Philadelphia 1951. pp. ix + 885. ill. 

Textbook of organic chemistry. Philadelphia 
1951. pp. ix + 643. ill. 

NOTTINGHAM UNIvVERsitTy. The role of chemistry 
in the solution of world problems. By Sir Ian 
HeILBrRon. [Nottingham 1952.) pp. [ii] + 13. 
(25th Sir Jesse Boot Foundation Lecture, 1951—52.) 

Nowack!I, WERNER. Fouriersynthese von Kristal- 
len und ihre Anwendung in der Chemie. Basel 1952. 
pp. 237. ill. 

Oak RIDGE 
Division. 


SELBY. Editor. Synthetic 
3rd edition edited by 
LANGTON. London 1951. pp. 


La teoria atomica e l’opera 
Roma 1911. pp. [iii] + 47. 


Department of 
Mines Branch. Re- 


NATIONAL LaBoraTory. Biology 
Symposium on biochemistry of nucleic 


acids, 1950. Oak Ridge 1951. pp. 245. ill. (From 
J. Cellular Comp. Physiol., 1951, 38, Suppl. No. 1.) 

OFFENBACHER, Emit. See DuVEEN, Denis I. 

O’HERIN, M. J. See Sax, N. IRvING. 

ORCHIN, MILTON. See FRIEDEL, ROBERT A. 

ORGANISATION FOR EvuROPEAN Economic Co- 
OPERATION. Chemical Products Committee Secre- 
tariat. Sulphur; a study... Paris 1952. pp. 
62. (O.E.E.C. Documentation.) 

Technical Assistance Mission No. 23. Chemical 
apparatus in the U.S.A. Report by a group of 
European experts. Paris 1952. pp. 224. ill. 

OtTEMAN, Joacnim. Uber Lésung und Hydrata- 
tion des Anhydrits. Ein Beitrag zur Grundlagen- 
forschung des Anhydrits als Bindebaustoff. Berlin 
1950. pp. 16+ 8 plates. (Abhandlungen der geolo- 
gischen Landesanstalt, Berlin. Heft 219.) (Re- 
ference.) 

Pack, FRANK C. See U.S. Department of Agricul- 
ture. Agricultural Research Administration. Bureau 
of Agricultural and Industrial Chemistry. 

PAKISTAN CHEMICAL Society. Progress. of 
chemistry in West Pakistan. By BasHtrR AHMAD 
and I. D. Cuucutat. Lahore 1951. pp. 14. ill. 

PANGBORN, Mary C. [and others]. Cardiolipin 
antigens; preparation and chemical and serological 
control. Geneva 1951. pp. 63. ill. (World Health 
Organization Monograph Series, No. 6.) (Reference.) 

PARTINGTON, JAMES Rippick. General and in- 
organic chemistry for university students. 2nd 
edition. London 1951. pp. xxiii + 925. ill. 

Tratado de qufmica inorgdnica. Translated 
from the 6th English edition by Josk Grrat. México, 
D.F. 1952. pp. xvi + 967. ill. 

Peck, ERNEST LAWRENCE. Ueber die isomeren 
Diacetbernsteinsauremethylester. Jena 1898. pp. 
35. (Reference.) 

PENFOLD, A. R. and Morrison, F. R. Commercial 
eucalyptus oils. 5th edition. Sydney 1951. pp. 
35. ill. (Museum of Applied Arts and Sciences, 
Bulletin No. 2. 

The essential oil of Baeckea crenulata 
(De Candolle). Sydney 1951. pp. [6]. (From /. 
Proc. Roy. Soc. N.S.W., 1951, 84.) 

PERRY, JAMES WHITNEY. See CASEY, 
SABERT. 

PESEz, MAURICE, and PoIRIER, PIERRE. Méthodes 
et réactions de l’analyse organique. Déterminations 
générales et recherches fonctionelles. Vol. 1. Mé- 
thodes de l’analyse générale. Paris 1952. pp. [v] + 
276. ill. 

PHARMACEUTICAL SOCIETY OF 
Hormones: a survey of their properties and uses. 
London 1951. pp. xii + 220. ill. 

- See also BRITISH MEDICAL ASSOCIATION. 

PiGFoRD, RoBERT L. See SHERWOOD, THomAsS K. 

PLaNncK, RaLtpH W. See U.S. Department of 
Agriculture. Agricultural Research Administration. 
Bureau of Agricultural and Industrial Chemistry. 

Prastics ProGcress. See British Priastics Con- 
VENTION, 1951. 

PorrRIER, PIERRE. See PESEZ, MAURICE. 

Porter, M. W., and SPILLER, REGINALD CHARLES. 
The Barker index of crystals; a method for the 


ROBERT 


GREAT BRITAIN. 








identification of crystalline substances. Vol. 1. 
Crystals of the tetragonal, hexagonal, trigonal, and 
orthorhombic systems. Part 1. Introduction and 
tables. Part 2. Crystal descriptions. Cambridge 
1951. [Various pp.}] ill. (Reference.) 

PowER-Gas CoRPORATION, LTtTp. 
Press, Ltp. 

PREGL, FrITz. Quantitative organic microanalysis. 
5th English edition, completely revised and edited by 
Juttus Grant. London 1951. pp. ix + 342. ill. 


See ARROW 


PrIGOGINE, I., and Deray, R. Thermodynamique 
Liége 1950. pp. 


chimique. New edition. 
xxii + 557. ill. 

Prijs, BERNHARD. Kartothek der Thiazolver- 
bindungen. 4 vols. Basel 1952. [Various pp.— 
loose leaf.} (Reference.) 

PROGRESS IN’ BIOPHYSICS AND BIOPHYSICAL 
CHEMISTRY. Vol. 2. Edited by JoHN ALFRED 
VALENTINE BUTLER and JOHN TURTON RANDALL. 
London 1951. pp. viii + 323. ill. (Reference.) 

PROGRESS IN ORGANIC CHEMISTRY. Vol. 1. 
Edited by JAMEs WILFRED Cook. London 1952. 
pp- viii + 287. ill. (Reference.) 

PRuTTON, CARL F., and MAROoN, SAMUEL HERBERT. 
Fundamental principles of physical chemistry. [2nd] 
revised edition. New York 1951. pp. xi + 303. ill. 

PULLMAN, ALBERTE. See PULLMAN, BERNARD. 

PULLMAN, BERNARD, and PULLMAN, ALBERTE. 
Les théories électroniques de la chimie organique. 
Paris 1952. pp. x + 665. ill. 

PykKE, MacGnus. Industrial nutrition. 
1950. pp. viii + 205. ill. 

Townsman’s food. London 1952. pp. 212. 
RABINOWITCH, EUGENE. See Katz, JOSEPH J. 
RaE, JouN. Ethylene and propylene glycols. 

London 1951. pp. 30. 

RAnsy, Benct G. The physical characteristics of 
alpha-, beta-, and gamma-cellulose. Stockholm 
1952. pp. 10. (From Svensk Papperstidning, 1952, 
55.) 

RAMSAY, Sir WILLIAM. 
WILLIAM. 

RAMSDELL, LEwWIs STEPHEN. 
HENRY. 

RANDALL, JOHN TuRTON. See PROGRESS 
BIOPHYSICS AND BIOPHYSICAL CHEMISTRY. 

READ, JOHN. Che cos’é la chimica organica. 
Translated by GABRIELE ILLUMINATI. Milano 1952. 
pp. 273. ill. (Aventure del Pensiero, Vol. 83.) 

REDFIELD, ALFRED C., and WALFORD, LIONEL A. 
A study of the disposal of chemical waste at sea. 
Report of the committee [of the Division of Biology 
and Agriculture, U.S. National Research Council]. 
Washington, D.C. 1951. pp. vii+ 49. ill. 
(National Research Council Publication, No. 201.) 

Refs, T. Introduction a la chimie-physique des 
surfaces. Vol.1. Liquides. Paris 1952. pp. xvi + 
286. ill. 

REMINGTON, JOHN STEWART, and FRANCIS, WILFRID. 
The composition and assaying of minerals. London 
1952. pp. viii + 128. ill. 

Repre, WALTER. Chemie 
Acetylen-Druck-Reaktionen. 
heim 1952. pp. vii + 132 


(2nd) 


London 


See TRAVERS, Morris 
See Kraus, EDWARD 


IN 


und Technik der 
2nd edition. Wein- 
ill. 
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RESEARCH ASSOCIATION OF BRITISH 
MANUFACTURERS. Rubber technology. 
held at the Croydon summer school. 
R. C. W. Moakes and W. C. WAKE. 
pp. xiv + 199. ill. 

REVALLIER, L. J. See WATERMAN, H. I. 

REVISTA DE CIENCIA APPLICADA. Vol. 
Madrid 1947+. (Reference.) (Imperfect.) 

RHODES, JAMES Eric WynFIELD. Concise physical 
chemistry (for intermediate students). London 1952. 
pp. xv + 196. ill. 

RICHTER, GEORGE HOLMES. 
chemistry. 3rd edition. New 
vii + 762. ill. 

Riesz, C. H. See INSTITUTE oF GAS TECHNOLOGY. 
Research Bulletin No. 10. 

RITTER, FRANZ. Korrosiontabellen metallischer 
Werkstoffe, geordnet nach angreifenden Stoffen. 
3rd edition. Wien 1952. pp. iv + 283. ill. (Re- 
ference.) 

Rosperts, J. Keir. 
4th edition, revised by A. R. MILLER. 
pp. xx + 593. ill. 

Roperts, L. E. J. See Ministry 
Atomic Energy Research Establishment. 

Ropp, Ernest Harry. Editor. Chemistry of 
the carbon compounds; a modern comprehensive 
treatise. Vol. 1, Part A. General introduction and 
aliphatic compounds. Part B. Aliphatic compounds 
(cont.) Amsterdam 1951—52. pp. xxiii + 777; xvi, 
778 to 1462. ill. (Reference.) 

Root, HuBERH. Beeswax; its properties, testing, 
production, and applications. Brooklyn 1951. pp 
v + 154. ill. 

RossINiI, FREDERICK D. See U.S. Department of 
Commerce. National Bureau of Standards. Circular 
500. 

RoyaL INsTITUTE OF CHEMISTRY. Lecture on 
further advances in the use of the Spekker photo- 
electric absorptiometer in metallurgical analysis, 
By E. J. VauGHAN. London 1942. pp. 51. ill. 

——— Lectures, Monographs, and Reports 1951, 
No. 3. One hundred years of chemistry. By Lorp 
McGowan (Harry Duncan McGowan). London 
[1951]. pp. 16. (7th Dalton Lecture.) (Reference.) 

—— 1952, No. 1. Biological aspects of 
proteins in the light of recent chemical studies. By 
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